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PREFACE. 



Ths Author of the following Work deems it a sufficient 
apology for its appearance* that its arrangements differ 
widely from those of other treatises on the Use of the Globes. 
The experience of several years in this department of in- 
struction having convinced him of the sv^ieriority of the 
plan here laid down, he has long found difficulty in ad- 
justing the course of his teaching to the contents of that 
which he conceives to be the best of those treatises. 
' He is of opinion that the use of the Celestial Globe 
should accompany lessons on the Terrestrial Globe from 
the first : yet he is not acquainted with any publication in 
which the two globes are thus associated ; and he is not 
aware that, in the whole routine of school occupations, 
there is any thing more at variance with perspicuousness 
than the very common use made of the line which, on the 
Terrestrial Globe, marks the daily change of the Sun's de- 
clination; — that line being frequently taken to represent 
the ecliptic, and the model of our Earth being turned in a 
contrary, or westward, direction, to show the risings, and 
bearings, and settings of the Sun. The Author thinks 
it must be owing to this inconsistency in the use 
of the Terrestrial Globe that, in numerous instances, 
pupils of superior intelligence, whose attention has been for 



IV PREFACE. 



some time engaged on it, (to the exclusion of a desired ac- 
quaintance with the appearances of the heavens,) are still 
possessed of very ambiguous notions respecting even the cir- 
cumstances more immediately connected with the daily 
rotation of the Earth. 

How far the great object of distinctness has been attained 
in the following treatise, the Author must leave to the 
decision of the unprejudiced instructor. It has been his 
earnest endeavour throughout, to enlist the judgment of the 
pupil in the attainment of what he conceives the principal 
objects of this department of study : — the correction of the 
misconceptions which early observant childhood will be 
found, in almost every instance, to have formed ;■'— and the 
acquirement of the information generally sought for with 
eagerness at the time of life at which attention is given to the 
globes, — that interesting period when " attention is drawn 
from the discovery of what is new, to the examination of 
what is ^Bimiliar, and the great work of comparison begins." 

Something of the introductory nature of the Definitions 
and Illustrations, given in Class 1, (pp. 1 — 24), he has found 
indispensable, especially in the instruction of Young Ladies. 
The Definitions, &c.. Class % are almost entirely new, and 
have been so arranged that they may be read as a kind of 
epitome. 

The number of Problems and Exercises does not amount 
to sixty ; but the converse of a problem is often embodied 
with it. 

By a very early introduction of the Celestial Globe, the 
Terrestrial Globe has been kept to its purpose as an efiSi- 
cient representative of our planet : the circumstances of its 
surfiEU^ being considered, first, in reference to Fixed Stars 
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of very difierent declination ; and, then, in reference to the 
varying declination of the Sun. 

In the first two sections of Problems several new ones will 
be found; and the rules and arrangement of others differ con- 
siderably from what has hitherto been given. Several adapta- 
tions in the third section the Author may call almost entirely 
his own : — the subject of the Trade Winds has not, he be- 
lieves, been yet introduced into this branch of instruction ; 
and the results of Precession have been only very slighdy 
touched upon before. He feeb that, in dealing with such 
subjects, he has been treading on delicate ground ; but he 
hopes that his illustrations and deductions may be considered 
to be feur, and equally instructive and important with 
those to which lessons on the globes have hitherto been 
confined. 

With regard to the Appendix, the usefulness of the 
earlier rhymings has been tested. The few last pages 
must have the plea of good intention for their introduc- 
tion. It is hoped that no critic eye will seek to discover 
in them a pretension to any degree of poetic merit. Ap- 
propriate extracts could not be gathered, in sufiicient diver- 
sity, from our English Classics ; and the concluding piece 
was designed only on this account, and to serve the purpose 
of familiar and connected illustration and reference. 

It is the Author's practice, where time admits, to read, 

at the giving of each lesson, a few pages of the scientific 

notices. It is hoped, too, especially with the aid of the 

copious index, that these notices, as well as the familiar 

niustratious of Glass 1, may be found to interest the pupil 

in leisure hours. 

Lbwisham, 
2\st March, 1842. 
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PROBLEMS. SECT. I. 

RELATING TO THE EARTH'S SURFACE, AND TO ITS DIURNAL 

ROTATION. 

PROS. PAGE 

I. Ter. 6l. — To find the distance between two places 66 
II. T. — To find the latitude of a given place . . 69 

III. T. — ^To find the d^erence of latitude between any two 

places 72 

IV. Cel. AND T. — To find the declination of a ||;iven star, 

and the places which pass directly underneath it, as 
the earth rotates ....... 74 

V. T. — ^The declination of a star, &c., being given (or the 
latitude in which it culminates vertically), to find to 
what places it is constantly above the horizon, and 

where it cannot rise 75 

VI. T. — Having the declination of a star, and the place to 
which it is appearing to pass vertically, to find all 
those places to which it is at that instant rising, and 
what portion of the time of each diurnal rotation of 
our earth certain of those places severally spend in 
that star's beams ....... 78 

VII. T. — Having the declination of a star, to find at what 
altitude the star appears to the inhabitants of a given 
place after the lapse of a certain portion of time 

firom its rising 81 

VIII. C. — A certain star being in the zenith of a certain 
place, to find the amplitude of any stars rising or 
setting there ; and the azimuth, at that instant, of 
any stars that may then be above the horizon . . 82 
IX. T. — ^A place being given, with the angle of position or 
apparent bearing of another place of given distance, 
to find that place ...... 84 

X. T. and C. — A place being given at which a certain star 
is culminating vertically, to find those places where 
certain other stars are vertical at that instant . . 87 

* If, on account of a limitation of time, it should be found absolutely neces- 
sarj to abridge the Coarse of Problems, the Author would recommend the 
omission only of the following ;— viz. of Sect. I., Probs. 1, 3, 7, 9> lo, ii, is -.— 
Of Sect. II., Probs. l, 7» 8, 19, and the Exercises on pp. l60— 164 :— Of Sect. 
III., Probs. £ and Z. Bat the Definitions, &c., prefixed to all these Problems, 
must, notwithstanding, be attentively regarded. 
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PROB. PAOB 

XI. T. — A place being given, to find what other places lie 
in the same plame with that place and with both poles 
of our earth, and consequently with its whole axis . 88 
XII. T. — ^To find the longitude of a given place, and its 

time as compared with London or Greenwich 90 

XIII. C. — ^To find the latitude in which a certain star rises or 

sets at the instant that another star is culminating . 93 

XIV. T. — ^To find a place, having its latitude and longitude 

given. Conversely f Having a place given, to &id its 

latitude and longitude 94 

XV. C. — Having a given star, to find what other stars lie in 
the same plane with that star and the two poles of the 
equinoctial, and consequently with the whole axis of 
our earth ........ 95 

XVI. C. — ^To find a star, or any heavenly body, having its 
right ascension and declination given. Converaefy, 
Having a star, &c, given, to find its right ascension 

and declination 97 

XVII. T. — To find the difference of longitude between any 
two places ; and the hour of the day at the one place 
being given, to find the hour at the other place . 99 
XVIII. T. — ^To find at what rate per minute, per hour, &c., the 
inhabitants of any given latitude are carried eastward 
by the rotation of the earth ; and the length of a de- 
gree of longitude in that latitude . . . .101 

XIX. T. — The hour of the day at any particular place being 
given, to find the hour in any other part of the world ; 
and where it is any other proposed hour . .103 
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RELATING TO THE ANNUAL REVOLUTION OF THE EARTH. 



PROB. PAGE 

I. C. — A day being given, to find the sun's longitude or 
place in the ecliptic, and his consequent declina- 
tion and right ascension 109 

II. T. — A certain day of the year being given, to find what 
other day of the year is of a length exactly corres- 
ponding to it ; and where, on those two days, the 
sun appears in the zenith . . ' . • • 1 10 
III. C. — Given the day of the month, and the sun's ampli- 

tude, to find the latitude of the place of observation 111 
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PROB. PAOK 

IV. T. — The day of the yearbeiiif given, to find the length 
of that day in a certain latitude ; and the altitude of 
the sun at any distant place when he is setting at the 

place of observation 117 

V. T. — ^The month, day, and hour at any place being 
given, to find that particular place on tie earth where 
the sun is vertical, and all others that have noon ; 
those places slso that have morning twilight, and 
those to which the snn is rising ; those places where 
the sun is setting ; those which have evening twilight ; 
and those places at which it is midnight 119 

YI. T. — ^The day of the year being given, to note all places 
to which the sun on that day does not set, and those 
places where the sun does not rise ; and to record his 
elevations at noon and midnight in the longitudes of 
the former places, and his depressions below the 
horizon at noon and midnight in the longitudes of 
the latter 123 

VII. T. — Given the longitude and the sun's meridian altitude 
on a certain day, to find the place where the observa- 
tion was made 125 

VIII. C. — Having a given day, to find at what time a certain 

star comes to the meridian . . . .126 

IX. C. — ^The day, hour, and the latitude of the place being 
given, to &id what stars are rising, culminating, and 
setting ; and so to arrange the axis of the globe, as 
that the stars depicted on its surface may, each of 
them, be exactly opposite their corresponding stars 

in the heavens 128 

X. C. — Having a latitude within the north frigid zone, to 
find the length of the period of the continual presence 
or absence of the sun ; and to note some of the phse- 
nomena of the heavens during those periods . .132 

XI. T. — A number of days being given during which the 
sun is above the horizon or below it in the frigid 
zones, to find the latitude and the places . 137 

XII. T. — ^To find what places are situated in a given climate. 
Cowcersely, To find the climate in which a given place 
is situated 139 

XIII. C. — ^To find that portion of the equation of time which 

results from the obliquity of the ecliptic . 142 

XIV. C. — ^The latitude, day, and hour being given, to find the 

azimuth or bearing of the sun or of a star, and its 
altitude. Converwly, To find the hour of a certain 
day, and the altitude of the sun, or of a star, the 
azimuth and latitude being given . . .143 

XV. T.— (Marked erroneously, XVI.) Having the latitude, 
to find the two days of the year which are of a given 
length, and in what time that length of day is altered 
by a certain quantity ...... 146 
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PROB. PAGE 

XVI. T. — To find the sitnatioiis of the t>erioeci, antoeci, and 
antipodes of the inhabitants of any place ; and to 
explain some of the yarions phaenomena in those 
situations • 148 

XVII. C. — ^To find the latitude and long^itude of a star or 
planet. Convenefy, The latitude and longitude of a 
star, &c., being given, to find that star, &c. . 154 

XVIII. C. — Having the longitudes and latitudes of the planets, 
to find their times of rising and setting ; their ampli- 
tudes, azimuths, &c., at any given place . • .155 

*XIX. T. — Having the instant of the immersion or emersion 
of a satellite of Jupiter, to determine those situations 
from which it may be viewed . . . .157 
Ckl. Gl. EsercUes, chiefly recapitulatory , on the 
Rights Oblique, and Parallel Poeitiona of the 
Sphere 160—164 



PROBLEMS. SECT. III. 

RELATING TO THE TRADE WINDS, THE M00N*S NODES, ECLIPSES, 
THE TIDES, THE PRECESSION OF THE EQUINOXES, ETC. 

PROB. PAGE 

A. Ter. Gl. — To find the result of the transfer of a portion 

of the atmosphere into a higher or lower latitude 
{Trade Winds of the Pacific and Atlantic) . . 291 

B. T. — To find the result of the transfer of a portion of the 

atmosphere into a higher or lower latitude (Monsoons) 297 

C. C. — To find, nearly, the stars over which the moon will 

pass during several lunations ; and to exhibit the effect 

of various positions of her node upon her altitude .310 

D. C. — To find the time of the moon's *• transit " or coming 

to the meridian, her longitude at noon being given .312 
£. T. — From the time of the moon's southing on a certain 
day, and her declination for our noon of that day, to 
find where she will be vertical at that noon, nearly . 314 

F. C. — Given, the moon full on the 23d of September, to 

find the times of her rising for several preceding and 
following evenings . 319 

G. T. — Given, the moon in the zenith of a certain place at 

the instant of her occultation of a star, &c., to find her 
appearance with regard to that star from certain other 
places 321 

* In the Rule to this Problem (page 158, line 15), for " sun's place'* read 
" given place." 
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PSOB. PAOK 

H. C. — Havinf the time of new or fall moon, to find whether 

an eclipse be possible 330 

K. T. — A time being given at which the ran is eclipsed where 
it is passing the zenith, to find where, also, at that time, 
the eclipse may be visible 4 . . . . 332 

L. T. — ^The time of a lunar eclipse being given, to find to 

what places it may be visible ..... 334 
M. C. — To find the time of high water at the London Docks, 

or certain other places, on a given day . . 350 

N. C. — Given the latitnde, to find the time of year at which 
a certain star now rises or sets oosmically, acronychally, 

or heliacally • . , 359 

Cel. 6l. — Bxereues eoneermmg the efeet qf P re ee§9ii m 
on the places qf the Star$ in relatitm to the Bquinoetimi 
and its Poles, the Equinoxes, SoUtiees, ^e. . 361—364 

P. C. — ^To find the time dapsed since the recorded heliacal, 

acronychal, or cosmical rising or setting of certain stars 366 

Q. C. — ^To examine, by the g^obe, quotations, &c., respect- 
ing the ancient risings, &c., of certain stars 370 

R. T.— For sunshine 376 

S. T. — ^To find the hour-arcs, or angular distances of the 
hour-lines, for a horiiontal dial, the latitude being 
given 382 

T. T. — ^To find the hour-arcs of a vertical dial iadng the 
south in north latitude, or fiicing the north in south 
latitude, the latitude being given .... 386 

Z. C. — ^To map down a group of constellations, having a 

certain ster given as central 388 
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DEFINITIONS, ILLUSTRATIONS, BTC. 
CLASS I. 

B A Point is that which has position, but not magnitude. 

c A Straight Line is that which lies evenly between the 
two points at its extremities. 

^ A Plane is a surface, real or imaginary, such, that any 
two points in it being taken and joined by a straight line, 
the straight line will He altogether in that surface or plane. 

^ A Circle is a plane figure, contained by one line 
which is called the circumference; and is such, that all 
straight lines drawn from a certain poiat within the figure 
to the circumference, are equal to one another. 

^ That point within the circle which is thus equally 
distant from the circumference, is called the Centre. 

^ A Circle may be described from any centre, at any 
distance frt>m that centre. 

TUustration. The sensible hori2oii, or circular boundary, which 
every indiTidoal, standing in a dear space, beholds around him, 
where the sky appears to touch the earth, has the station of that ob- 
server for its centre; and this horizon will vary its position with 
every step he takes. 

The magnitude likewise, of this circular boundary, varies as his 
eye is devated or depressed ; for instance, if the individual ascend a 
ship's mast, or look out of its cabin window, or swim with his head 
just above the surface of the water. 

^ The distance of the centre from every part of the cir- 
cumference is called the Radius. 

B 
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The radius is also called a " Semi-diameter/' because 
two radii in a straight line form a Diameter, or " measure 
through" the circle. 

^ The difference of direction of any two radii, or lines 
drawn from the centre of a circle, is called an angle. And 
this difference of direction is measured on the circumference, 
which, for this purpose is divided into 360 equal parts, 
called ** degrees." 

Degrees (^) are subdivided into sixtieths, called minutes C). 

Minutes (') are subdivided into sixtieths, called seconds (") . 

When the measarement of any angle is given, the angnlar point is 
considered as at the centre of a circle. Thus, we say, ' ' an angle of so 
many degrees, minutes, and seconds,*' referring to any circumference 
drawn from it; as 25^ 16' 18''. Hence the magnitude of an angle 
does not consist in the length of the lines which include it, but in their 
difference of direction, or inclination to each other. 

An angle is generally described by naming three letters, the middle 
one of which is standing where the lines meet, and the other two at 
their distant extremities. 

^ Every semi-circumference contains 180°, and every 
quadrant or quarter-circumference, 90°. 

The angle of 90° is called a Right Angle, and the radii 
forming it are said to be Perpendicular to each other. 

Angles are frequently referred to the right angle, and 
are termed Obtuse or Acute, as they contain a number of 
degrees greater or less than 90. 

^ The deficiency of any acute angle when referred to 
90°, is called its Complement : thus, 60° is the complement 
of 30° ; 41° is the complement of 49° ; and 66° 32', is the 
complement of 23° 28'. 

^ Every circumference measures exactly 44 seventh parts 
of its radius^ or distance from the centre. Hence, the 
diameter or double radius is a little less than ^ of the cir- 
cumference ; since the radius is a little less than ^. Cir- 
cumferences therefore are in proportion to their radii or 
diameters : so also are their 360th parts or degrees. 
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CIRCLE CENTRE CIRCUMFERENCE DEGREE ANGLE 

' PLANE — INSIGNIFICANT QUANTITIES RELATIVE VASTNE85 

AND MINUTENESS. 

° Let writing-paper of the smoothest suriace and finest 
texture, be pierced -with a finely polished needle : — ^if the 
paper be held evenly, and the needle be inserted suddenly, 
and perpendicularly to the plane of the paper, the hole so 
made will be circular, not else. 

Of this circular hole we have to remark : — 

1. That, like any other circle, the edge of the hole, or 
circumference, is, in all its parts, equally distant from a 
certain place or point within the hole, called its centre. 

2. That this said point is level with the edge of the hole, 
and therefore in the same plane with it, and with the surface 
of the paper : that is, (supposing our needle to be of per- 
fectly cyHndrical form,) it is just where the needle-pointer^/ 
touched the paper before it really pierced it. This central 
point therefore, " has position, but not magnitude:" — it is 
now in vacant space. 

3. That every individual spot or part of the circular 
edge, although at an equal distance from the centre, has a 
different direction with regard to the centre, from that of 
any other spot or part of the circular edge. And that this 
difference of direction, which any two of these points in the 
circumference have with regard to the central point, is 
called their angle or " bearing." 

4. That, as there are considered to be 360 exactly equal 
parts in the whole circumference of any circle, and, as the 
size of a circumference and of each of its degrees is in 
exact proportion to its distance from the centre, so each 
of the 360 degrees of our needle-hole circumference will 
be in exact accordance with the thickness of the needle 
which formed it. 



^ Place the paper flatly on the table, and on another por- 
tion of the same table, let another sheet of paper of the 
^ame thickness be placed, also with perfect flatness. If the 
table be «ven, the surfaces of these two sheets of paper 
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will be in the same plane ; so also will our circular edge 
and its centre be, with the circumferences and centres of 
any needle-holes that may have been pierced in the other 
sheet of paper. 

" The young reader will please to remark, that we have 
not said that these upper surfEu^s of the paper are in the 
same plane with the table surface ; because ^ey are raised 
above it by the thickness of the paper, which is not incon- 
sidorable in this case. 

' But, there is another table in a distaint part of the 
room, corresponding in height, and the floor is level ; — the 
surfieice of this also is in the same plane with our first table ; 
and our thickness of the paper being insignificant when com- 
pared with the distance between these tables, we may now 
safely say, our paper surface also is in the same plane. So, 
also, are the suriiaces of our sheets of paper and of our two ta- 
bles, in the same plane withany othertablesof the sameheight 
in the adjoining rooms on the same floor of the house. 

If the eye be brought to the edge of the table, so as to 
look along its surface and the surface of our paper, at any 
objects placed at a moderate distance, (say at an opposite 
house or window,) that portion of the window or house seen 
to coiQcide with the surfaces of our table and paper, will 
likewise be in the same plane with them, and with the centres 
and circumferences of our needle-holes, and with that part 
of space exactly intervening in the width of the street, &c. 



° Let the pupil endeavour to conceive of the centre of 
the needle-hole as the position of our sun, and of the cir- 
cumference of the hole as representing the earth's annual 
path of 600 millions of miles around it ; then, perhaps, the 
dotted pattern of the paper on the wall of the room, (if a 
considerably large one,) or points taken in the lofty ceiling, 
may represent the position of some of the nearest fixed 
stars, such as ** Sirius," " Arcturus," &c., on the same 
scale of distance. It will be allowed, that no change of 
position in this tiny circumference of our needle-hole, can 
be considered as nearer to the wall, or more remote from 
it,' than another. 

We have said the nearesf fixed stars : what then shall 
represent the most distant ! Each improvement in the 
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penetrating power of telescopes, has revealed new wonders 
in the infinity around us. Can the pupil's imagination 
fiimish us with a room, the walls and ceiling of which shall 
be 35,000 times as distant as those of the present room 
are ? Herschel has calculated such to be the relative re- 
moteness of some of the wondrous objects he has viewed ! 

" But these estimates cannot be said so much to give us 
any notion of the power of the Deity, as to correct the 
errors we should fall into, by supposing His powers to have 
any limits like those which belong to our faculties : by 
supposing that numbers, and spaces, and forces, and com- 
binations, which overwhelm us, are any obstacle to the 
arrangements which His plan requires. * * * 
The difficulty which appears to reside in numbers, and 
magnitudes, and stages of subordination, is a difficulty pro- 
duced by judging from ourselves — by measuring with our 
own sounding Une; when that reaches no bottom, the 
ocean appears unfathomable. Yet, in faxt, how is a hun- 
dred millions <^ miles a gretU distance ? how is a hundred 
millions of times a great ratio ? not in itself * * * 
It is dear that the greatness of these expressions of mea- 
sure, has reference to our faculties only. Our astonish- 
ment and embarrassment take for granted the limits of our 
own nature*"* 



" To return to our needle-hole : — ^We have supposed its 
circumference to represent the orbitual path of our Earth 
around the Sun, placed at the centre. Uranus, the planet 
of comparatively late discovery by Dr. Herschel, the six 
moons of which have peculiarities of motion, " which seem 
to occur at the limits of our system, as if to prepare us for 
farther departure from all its analogies, in other systems 
which may yet be disclosed to us,"t has an orbit nineteen 
times as remote from the sun as our own. If our needle-hole 
then, were enlarged, until it could be measured by a shilling; 
* we should have tibe orbit oft his remote wanderer on the same 
scale ! The Comets, vanishing into space and re-appearing 

♦ Whewell's Bridgewater Treatise, pp. 276 — 7, which the young 
reader is strongly recommended to procure for pemsfd. 
t Sr. J. F. W. Herschel, Cab. Cyclo. p. 299. 

b2 
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after lengthy periods, may, perhaps, extend their most 
eccentric courses to a distance double or treble of this. 

^ We see, then, tiiat the fixed stars " have no immediate 
relation to our system. The obvious supposition is, that 
they are of the nature and order of our sun * * * * 
If, then, these are suns, they may,* like our sun, have 
planets revolving around them ; and these may, like our 
planet, be the seats of vegetable, and animal, and natural 
life : we may thus have in the universe, worlds, no one 
knows how many, no one can guess how varied ; but how- 
ever many, however varied, they are still but so many pro- 
vinces in the same empire, subject to common rules, 
governed by a common power ! f 

" ^ But the stars which we see with the naked eye, are 
but a very small portion of those which the telescope un- 
veils to us. * * * The number of stars which 
crowd some parts of the heavens, is truly marvellous ; Dr. 
Herschel calculated that a portion of the milky way, about 
ten degrees long and two and a half broad, contained 
258,000. In a sky so occupied, the moon would eclipse 
2000 of such stars at once ? X 



" If the first flash of that view of the universe which 
science reveals to us, does sometimes dazzle and bewilder 
men, a more attentive examination of the prospect, shows 
how unfounded is the despair of our being the objects of 
Divine Providence, how absurd the persuasion that we have 
discovered the universe to be too large for its Ruler.'* § 

** We will tear off from the sheet of writing-paper, the 
part which contains the hole pierced by the needle, and 
wetting {I it with water procured from a pond in which the 
vegetable matter has lately decayed, we will press it be-; 
tween two pieces of thin glass, and direct a high power of 

• See Index, " Doable Stare." 

t Whewell's Bridgewater Treatise, p. 270. J pp. 270—271. 

§ p. 268. 

II The hole partly closes when the paper is soaked ; it is better on 
this account to pierce a similar hole in a very thin piece of whalebone 
or ivory. 
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the achromatic* microscope to it. What do we see ? A 
well ! in which numerous animalcules, of different sizes, 
and of very different forms, are floating and diving ! Each 
seems to he pursuing his own way, and enjoying, in the 
spacious area of our needle-hole, the unrestricted use of his 
powers <^ movement! How diversified the workings of 
those powers ! Some appear crawling on the interior sur- 
face of the upper piece of glass ; others, no sooner arrive 
at the surface of the water, than they quit it, again to 
make their way out of sight, through its deptii — ^which, in 
this case is, of course, equal to the thickness of our paper ! 
Whilst you are reading, a leech-hke monster has attached 
himself by the tail to the circumference of our well ; and, 
stretching, reaches nearly to the centre ! What is that 
perturbation? a whirlpool! — it is caused by his wheels: he 
has two above his head ; and their numerous exquisitely ad- 
justed paddles, each of them much larger than many of the 
living individuals he is swallowing, are in eager and rapid re- 
volution, and these are creating the vortex which is dragging 
towards him, in abundance, the prey which he would other* 
wise fail to reach. Now, having wrapped up and taken in 
his machinery, he has rolled himself into a ball, and all seems 
hushed ; whilst from 60P distance from his station, there 
comes a globule! the bright specks I discover on him* 
show me that he is revolving as hfi steadily crosses the 
field of view! Has he 360° in his circlet too? How 
minute ! Yet we may conceive each of those degi-ees to 
contain its 60 minutes, and each of those minutes to com- 
prehend its 60 seconds ! Is he rotating about his centre 
of gravity also ! That it is impossible to tell : its position 
would depend upon the distribution of the several parts of 
his interior if he were mere matter ; but he is organized 
and sentient ; he acts with purpose to fulfil his wanis, and 
his Creator and mine, the Upholder of the sun, and of the 
mjrriads of the rolling stars, has given him the nervous and 
muscular powers which are peculiarly fitted, at least to sus- 
tain, and to direct his course ; for see ! he has changed it. 
^ Thus, whilst *' the Telescope indicates the insignifi- 

* The application of the achromatic correction to the Microscope 
has admitted a ninefold quantity of light, and great distinctness. 
(See •• Microsc, Cab.,'' by Mr. A. Pritchard, of Fleet Street, the 
coadjutor of Dr. Goring.) (See, also, H on p. 16.) 
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cance of the world I tread upon» the Microscope redeems it 
from all insignificance ; for it tells me, that in the leaves 
of every forest, and in the flowers of every garden, and in 
the waters of every rivulet, there are worlds teeming with 
life, and numberless as are the glories of the firmament. 
The one has suggested, that beyond and above all that is 
visible to man, there may lie fields of creation, which 
sweep immeasurably along,^ and carry the impress of the 
Almighty's hand, to the remotest scenes of the universe : 
the'other suggests, that within and beneath all that minute- 
ness which the aided eye of man has been able to explore, 
there may lie a region of invisibles ; and that, could we 
draw aside the mysterious curtain which shrouds it fix>m 
our senses, we might tiien see a theatre of as many won- 
ders as astronomy has unfolded, a universe within the com- 
pass of a point!"* 

^ A Globe or Sphere, is a body bounded by one uniform 
convex surface, every point on which surface is equally dis- 
tant from a point witUn it, and which is therefore called 
its centre. 

c If the globe or sphere rotate, the diameter about which 
it revolves, is culled its Axis. 

Every diameter of a sphere is called an axis ; but that is 
emphatically the Axis about which the sphere revolves. 

Every section, or cutting, of a sphere, made by a plane, 
is a Circle. 

A Great Circle is that which passes through the centre 
of a sphere, and divides it into two equal parts. 

A Small Circle is that which does not pass through the 
centre of the sphere, and therefore divides it imequally. 

^ The Pole of a Circle of the Sphere, is a point on the 
surface equally distant from all points in the circumference 
of that circle. 

Every Circle of the Globe, great or small, has two Poles; 
if the globe or sphere rotate, those are emphatically the 
Poles which are t^e extremities of the axis of rotation. 

By an optical illusion, an individual in the open air, is impressed 
with the idea that every part of the expanse above him, is at an equal 
distance from him. If his finger be pointed to the horizon, and then 
carefully directed upward till it point vertically, (t. e, to his Zenith, 

*■ Dr. Chalmers. 
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the pole of his horizon,) unless the indiyidaal be derated he will 
then have described an exact quarter circle or quadrant of the heaTeni, 
and his finger and arm, when moved in this way, are said to have 
been moved in Azimuth, 

^ The Plane which would be described by splitting the 
the earth through the station of the observer from the 
North to the South Pole as £bu* as to the axis, (and through 
the axis continuously to the opposite portion of the earth's 
surfiace,) is the " Plane of the Meridian." This plane may, 
as easily, be conceived to extend to the heavens, and to be 
carried, together with the residence of the observer, east- 
ward, by the rotation of the earth on its axis. 

When, by such rotation of the earth, this plane is 
brought to coincide with any heavenly body or bodies, they 
are said to culminate. When the sun culminates, it is 
noon, hence its name "meridian," (Latin, meridies,) 

The boy who runs northward to raise his kite with a north wind, 
or southward, to raise it with a south one, sees his kite, and the 
string as it is being elevated by it, '* cutting out" the plane of the 
meridian. 

- A meridian, strictly speaking, is the plane in which the whole edge 
of a largelButting instrument would move, both outside the globe and 
within it ; if, from distant space it so advanced and fell upon the 
globe's surface, as to divide it into two equal parts, by entering it 
along the whole of a meridional semicircumference ; thus catting 
through the entire Une of axis, and completing the division by pasting 
out in like manner, thro^h the whole of the opposite aemicircum- 
ference, to persevere in its unwavering course beyond the globe into 
opposite space, 

H Parallel Lines are such as, being in the same plane, 
will not meet however lengthened. 

^ Lines, and consequently the planes in which they lie, 
although they be not strictly parallel, may be considered as 
parallel, when the point to which they mutually tend is so 
distant as to render that tendency imperceptible, or in- 
significant. 

■• Lines and the planes in which they severally lie, although 
parallel and apart, may be esteemed as one line, or one plane, 
when considered as extending to an object so remote as to 
render their distance of separation insignificant. 

Thus, the flat roofing of a house, and the several floors in that 
house, and the tables standing on those several floors, are all parallel 
and separate, but may be considered as together when referring tiieir 
several planes to the station of an individual at the distance of four 
or five miles. 
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° Hence the Sensible Horizon, or circnlar limit of onr view of the 
earthi seems to be in the same line, and therefore in the same plane, 
with the Rational Horizon, or circnlar limit of onr view of the 
heavens ; and may often, without error, be considered as coinciding 
with it. 



-H' 



-H 



Where S R the semi-diameter of the earth, or 4000 miles, is only the 
twenty-four thousandth part of the distance at which S H' and R H, 
the planes of the sensible and rational horizon, meet, or where the sun 
is rising or setting. 

^ If a disk of wood, as the head of a barrel, when floating in per- 
fect quietness on a calm sea, be supposed to increase all around, 
until it become the head of a barrel sufSciently capacious to contain 
the earth, (a globe in a cylinder,) the surface of that disk so enlarged, 
would describe '* the plane of the horizon.'' It may further be con- 
ceived to extend around to the heavens. 

^ In strictness, only the man whom we have supposed (H on p. 1 ,) to 
be floating with his eye level with the surface of calm water, has his 
sensible horizon corresponding with his rational one ; any elevation 
of the eye above the surface, enabling him to overlook a portion of 
the convex surface of the earth, and to see below the Ime in the 
heavens which is opposite to the earth's centre.* 

This *'Dip of the Horizon'' is appreciable at a height less than 
that of a ship's deck, and is allowed for in estimating the 'altitudes 
of the heavenly bodies for nautical purposes. 

^ The Clouds and the tops of mountains, glisten with the splendour 
of the sun before his rising, and after his setting, to the inhabitants 
of the neighbouring shores. 

Mr. Sadler, the aeronaut, who, on one occasion, ascended afiw 
sunset from our English coast, witnessed a Western sunrise, as he 
rapidly attained a considerable elevation. — Sir J. F. W. Herschel. 

The uneven appearance of the Eastern edge of the Crescent Moon, 
is occasioned by the inequalities of her surface ; her eminences, as she 
very slowly rotates on her axis, catching and reflecting the beams of 
the sun, hours before her valleys and cavities receive them : and 
when she is waning, the same appearance of her Western edge is 
occasioned by the light which is yet shining on her mountain tops, 
when their neighbouring valleys have lost it.1* 

* But the water, the horizontal surface of which bounds the man's 
view, may be either level with the sea, or on a mountain-top ; the 
height of the mountain being as nothing when compared with the 
semi-diameter of the earth, which we have seen is, itself insignificant. 

t Those who are in the habit of using astronomical telescopes are 
often delighted with the beauty of this phenomenon, along the con- 
stantly varying boundary of light on the surface of our mountainous 
satellite. Even an inferior telescope, if on a stand, affords a very in- 
teresting view of it. 
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^ A PaxallelogTain is a four-sided figure, having its 
opposite sides parallel. 
The following are Parallelograms with their distmctions. 





No.l 
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No. 3i Bhomboa. 




No. 4, Rhon^id. 




A Trapezium is a four-sided figure, which has not its opposite sides 
parallel. 

^ The content of any right angled parallelogram, or 
'* Rectangle," (such as figures Nos. 1 and 2,) is found by 
multiplying its length by its breadth. 

P When the Rectangle has its length and breadth equal, 
it is a Square. Hence the product of any two numbers is 
called their rectangle ; but titie product, or rectangle, arising 
from the multiplication of a number by itself, is called its 
square. 

If we conceive the figure No. 1, with its intersections, to be made 
of fine wire, and to sink into the thickness of the book, as into ¥raz, 
until it arrive at a depth exactly equal to its width or length, each of 
its thirty-six meshes will cut out a little, soUd, four-sided prism or 
pillar, capable of being again divided into six dice-like portions or 
cubes. Of these little cubes, so constituting the whole cube cut 
out by the sinking of the figure, there would thus be 6x6x6, 
or 216. 

P Hence the product arising from the multiplication of 
the square of any number by that number, is called its Cube, 

^ Ratio is the relation which two numbers, or the 
quantities which they represent, bear to each other. This 
relation is ascertained by dividing the one number by the 
other. 
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Proportion is the equality of ratios : hence, there must, at 
least, be three numbers or quantities to form a Proportion. 

The width of the narrower figure No. 1 , is 6 ; and has a ratio to 9, the 
width of the wider, but eqnal iig^e No. 2, of f rds. But, since the areas 
of the two figures are equal, tiieir lengths must bear to each other 
the same ratio, but inyertedly, of their widths. Accordingly-, 4, the 
length of the wider, has to 6, the length of the narrower figure, the 
same ratio, or frds. Hence, we have the proportion expressed thus 
6:9:: 4: 6. 



s A Triangle, or Trigon, is a figure inclosed by three 
straight lines. 

Triangles are distinguished as under : — 
The Scalene, or unequal- sided triangle. 
Tb^ Isosceles, or triangle of two equal sides. 
The Equilateral, or truingle of three equal sides. 

They are likewise named from their angles, 







Obtii«« Angled. 



Bight Angled. Acnte Aogled. 



T All the three angles of any Triangle, amount exactly 
to two right angles or 180°. 

This may easily be verified, in any particular instance, by describing 
arcs from the angular points as centres, (as in figure Q,) and setting 
off these arcs on a circumference drawn with the same opening of the 
compasses, as in fig. q. : they will be found, invariably, to measure 
off half of that circumference. 

Hence, no triangle can have more than one of its angles a right 
angle ; and, if one of them is a right angle, each of the remaining two 
is tiie Complement (N on page 2,) of the other. 

V Any one of the sides of a triangle may be considered as 
the Base, according to the position in which we view it. 

^ If a triangle be Isosceles, or have two of its sides 
equal, the angles at its base will be equal. 
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That ii, Mch equal side is tupported bf the 
other eqnil side, at ui equal inclJiiatioD. As 

the two sloping portions of the rooflug of a 
house, which, if cqaal, wiU nEcenaril; indine 
•tj eqnall; OTer the ceUiiig of the opper storj. 

Referring to T p. 12, if the angle made at the 

appermoat part or ridge of the foof A be 90" or 

aright angle (M p. 2): then, since all the three 

angles equal twice 90° , and the other two angles 

arc eqaal, each of the latter maat contain 45°. 

^ Wten the sun or moon is elevated 46°, the shadow of 
any object will be exactly equal to the perpendicular height 
of that object ; and may be measured instead of it. 

For, (as in the Bgnre) 
the EKtremitj of the 
object. A, is to the 
same plane, and also in 
the same straight line, 
with the san and with the 
' ' eilremity of its ihadow, 
B : and since the hori- 
lontal shadow, and tliis 
plane or the straight 
line A B, malu an an^e of 45° ; and the upright object itself, form- 
ing the othersideof a triangle, makes 90° with the groand or shadow. 
the angle at the top. A, muet also be 45° ; and thus the shadow and 
the height of the object correspond in length. 




«««i£^> 



B A Luminary of eqiial brightness all around, such as the 
Bun, or a star, or a bidl of fire in the higher regions of the 
atmosphere, will send forth a gloie of rays of light or heat. 

•^ lie influence of these rays will be intense in the invfrse 
ratio of the squares of the dutances of any objects upon 
which they &11 &om that luminary. 

This will, perhaps, be more readily understood if we ex- 
press it thus : — 

The diffitsiveness and consequent taeahiess of the influence 
of such rays of light or heat, must be considered by com- 
paring the squares of the distances of any objects enlightened 
or warmed by them, from the source of such raya. 
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ilhulratiim. Let u nppoM ■ Upar eonld beTCpbeedu that it* 
flame abonld occnpj the exict eantre of •ereral coDcentiic uid traiu- 
pareDt gtobei, (as C in &g. below). It maj be perceiTed that the 
inflneoce (u brightnew or mrmth) of the nfi we h>n drawn, and, 
coTiKtjaentlf , of all lying; within them, will be d^fiut tnd wtai in 
proportion to the area or eitent of inlface ovei which tbe^ &11 or 

' ~ i_ The )[!obea drawn bare 

_J ',..%'- their radii as the nnmben I, 

^;'., .'■_■■ ■:\-.;;. 2, and 3 , bnt it will be nn- 

^^f :- I J Ji JW dentood that the portjona of 

^^^^^PVl^^S^Alv the sorfaees enlightened, will 

^^Ht^^HH^HB^^HH^BK be *i, the tquara at these di«- 

^^^^^^^^^BBH^^^^^^^B twtcea from the oentre or 

^^^^^^^^J^^^^^^^H fluneiTii-.thatonthesmaU- 

^^^^^^^^t^^^^^^^^^^H ait glohe the tajs compriaed 

^^^^^^^^^^^^^^^^^^^^H within thelinn we have drawn 

^^^^^^^^^HI^^^^^^^^^B from candle the 

^^^^^^^^^^^^^^^^^^^^V face, accapj mm apace 

^^^^^^^^^^^^^^^M on the next a/mirjbld tpace, 

^^^^^^^^^^^^^^^^^^ on the onCennoBt a nine. 

^^^^^^^^^^^^r /ofdapace. Now I, 4, and 9, 

^^^^^^^^^^^^^ are, respectiielj, the sqnarea 

^^^^^^^^ of the numbers or distances 

I, 2, and 3. If we could place an attracting body, as a magnetic 

ball| at this centre, initead of the taper flame ; or, if we anppoee a 

■onnding body to be atationed there, aa a buzzing; bee ; the weakneas 

of the attracting force, or the wealcneaB of the sound (impediments 

being remoTcd) woald follow the sabie law. This is, in fact, the 

great law of graTity, and of any influence proceeding from a point. 



o We may remember, from the foregoing iUuBtration, 
that the Surfaces of Spheres, ore in proportioii to the 
squares of their radii, or of their diameters. Thus, otu 
two feet wide globe has a surface four times that of a one 
foot wide globe, and our three feet wide globe, a ninefold 
surface : and the mapping of these globes will, of couise, 
follow these ratios ; for each of the several portions we 
tiave drawn as enlightened by the taper, is contained the 
same number of times in its respective globe-surfece. 

^ The Solid Contents of Globes of equal densities must, 
however, be considered by comparing the cubes of their 
diameters, like the contents of all solid bodies that are 
" similar" to one another. Thus, a two feet globe has a 
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solidity dght times; & three-feet globe twenty-seven times; 
and a four-feet globe sizty-fbur times that of a one-foot 
globe. 

c Circles (circular spaces) must, in like maimer, be com- 
pared by considering "di^ squares of their radii, or of their 
diametOTs. 

niustraiha. The three followiDg are Quadranfa, (quartem of iir- 
CQlar areas) described wich the radii 1, 3, snilS, rtspectiTelj. uid in- 
cluded io squares conBtrueted on those rndii. 

We IhinV the Pupil will 
I allow, 1- ■ ■— - - ■ 






each of the larger qondrui 
■with itB including sqsacc. 
only B ma^mfiffd ■ r<Tir«pn 



square of the radius of the other. Thni, the third quadnot bean ut 
the first quadraat, the ratio which 9 (the aquare of 3, ita radios.) 
bears to 1, the square of I ; and to the secoad quadrant, the ratio 
which 9 bears to 4, the square of 3. Hence, the drcle* of these 
qnadranta are lai^ in the same ratio. 



H The quantity of light received from an object into eadi 
of two telescopes, will, therefore, be in the ratio of the 
squares oi the diameters of the tubes, or of the glasses called 
the " object-glasses " at their ends ; or, if the telescopes be 
of the reflecting construction, in the ratio of the squares of 
the diameters of the reflectors ; and the internal airange- 
ments being equally good, their powers of revealing the 
features of an object, will be in that ratio. 

" The earth reflects the sun's raja upon the moon (as she upon the 
earth) ; so that, with the unassisted sight, we can frequently perceiTe 
the darker portion of her disk. Dr. Herschel's ten feet reflector, 
which has, perhaps, an aperture of fifteen inches diameter, collected 
anfficient of thii earth-tigbt, to show him even the most obscure of 
hvr spots on that portion, 

" It was formerly usual to form deep well-holes in observatories, 
for the purpose of seeing the stars in the day time ; because in the 
old uncorrected object-jlaas of telescopes, all the more ohliquo rajs, 
that is, those admitted into the object-glass at a considerable distance 
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from it! centre, u tbOM bejoDd a nti p, (see fig. bdow,) were 
decompoied in puniig through it, into their puta or eolimn, (Me 
" Sffraeliim,") uid, ctunng diatortiOD and confoiion, were nnxs- 
rarily " stopped ont." 




The improTcmenta introduced bj Dollond and otliera,' in the 
constmctioD of the object vlsaaea of telescope*, now kIIdv of their 
Bpertnreg being so enlarged, (see A P,) oa to admit the tight from 
a star in qniinCity sufficient (eren when mixed with atrong d»j- 
Ught,) to rereal the atar to the eye in the focai of the iDstrninent. 
A large nar may be thna aeen, even when near the nin ; and Dr. 
Dick informa ua, in bis " Celestial Sccdbtj," that he has frequently 
obseired the planet Venus, eren when at her auperior conjunction; 
i.e., juat northward or sonthward of the inn, and at her great^t 
diitance from ns. 

" The planet Jnpiter, at jta more than fivefold diitance fttim the 
nui, receives, on any portion of ita snrfiice, leas than one twentj-fifth 
of the light which a aimilar portion of onr own pbnet'a mrface re- 
ceives. (C on. p. 13.) If imagination can enable nsto furnish ita in- 
habitants with eyes, the pnpila of cbich ahaU have a sii.fold widtl), 
and consequently present a Ihirly-tix /old surface for the reception 
of light, we may conceive of tliem aa admitting to nerves, fitted to 
receive and enjoy it, a daily splendour far exceeding onr own. 




'^ Let the line A B be the dia- 
meter of H. circle, and C the centre : 
' then will the arc D B be the mea- 
sure of the angle fonaed at C by 
the radii C D and C B. 

If we now drop a perpendicular, 
D E, from D, the extremity of the 
measuring arc, upon C B, (the 
radius with which it was fonned). 
Street has very recently made material 
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such perpendicular will be the Sine of the angle measured 
by that arc. 

In like manner, if we turn the figure, so as to make O C 
horizontal, and D F be let fall from the extremity D of the 
arc D G upon the radius G G, D F is the Sine of the 
angle measured by the arc D G. 

Now, the Arc D G is the complement (N p. %) of the 
arc D B ; f or G B contams 90°. 

For the same reason D B is the complement of D O. 

The Sine of a complement, is, for shortness' sake, called 
its Cosine. 

Hence, whilst D £ is the sine of the angle measured by 
the arc D B, the line D F, or its equal £ G, is its Goeine. 

So, D E. or its equal F G, is the cosine of the angle ex- 
pressed by the arc D G. 

The arc A D, or what D B wants of being a semicircum- 
ference, is called its supplement : in like manner D B is the 
supplement of A D. Now D £ is the sine of both of these 
arcs : that is, " Every sine is common to two arcs, which 
are supplements to each other, or make, together, 180°" 

If a line, as B T, be drawn from B, the extremity of the 
radius, and at right angles to it, B T is called a Tangent, 
If the radius G D be lengthened so as to reach the tangent 
at K, G K is called the Secant of the arc D B, &c. 

^' The ancient Greeks employed Trigonometry (or " the meainring 
of triangles.*') Hipparchua, one of their moat celebrated aatrono- 
mers, is supposed to have been the originator of the science. The 
Chord of the Arc (answering to the string of a bow,) was their means 
of solving problems. The Moors or Arabians, during the sojourn of 
astronomy with them,* and when Eoropewas in darkness, introduced 
the Sine or half-chord, an improyement of great utility. The Latin 
word 9inu$ (a fold), is supposed to be a translation of an Arabic word 
referring to the two halves of the chord being conceived to he folded 
together. The Europeans haye introduced the secant and tangent 
since the 15th centu^. 

^ Parallax is that apparent angular motion of an object 
which is occasioned by changing the point from which we 
view it. ^ 

♦ See Chronology of Ancient Observations, (Index). 

c^ 
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lUtutration, Whilst the boy A at the bottom of the hUl, at a cer- 
tain instant, sees his late and the distant balloon in the same line, 
and opposite the point B, (in the sky), M, who is half-way up the 
hill, sees the kite opposite k, and the balloon opposite b. But S, 
who is on the summit, sees the kite opposite the point k', (on the 
ground,) and the balloon opposite B'. 

^ The amount of this parallactic displacement, is less as 
the distance of the object is greater. The difference of 
apparent positions of the distant balloon, is much less to 
A and S, than the difference of those of the kite. The 
moon having the same position, viz., close to the Evening 
Star from both stations, on account of the comparatively 
insignificant remoteness of those stations. 

" Parallax, used astronomically, is the difference of 
apparent position of a heavenly body, viewed from the sur- 
feice of the earth and from the earth's centre. 

^ An observer, who has the object in his zenith, sees it as if he 
were situated at the centre of the earth. Parallax, therefore, which 
is greatest when the object is in the horizon, is less as the altitude of 
that object is greater, and is nothing when it is vertical. 

lUtuttration, "Let A be an individual standing on the brow of a 
diff, and G and H the stations of two inhabitants of a building. We 
will suppose it to be starlight, and 6 to record the star or point oppo- 
site to which the individual at A appears to be, from his station at 
the top of the tower, at the same instant that H records the star 
opposite to which A appears to be from his station at its base. It is 
evident that the arc, in the concave of the sky between such two 
stars, will have the same number of degrees as that which the build- 
ing intercepts in the opposite direction from the view of A. (See 
note to L on p. 2.) If, with the distance A G, we draw an arc G K, 
then G H, the distance between the stations of the two inhabitants, 
will be the sine of that arc, i, e., the sine of the angle of parallax. 

In like manner, if G be the centre of the earth, M the moon, would 
appear from that station, (or from Z, the station of an observer who 
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has her in his zenith,) to be opposite to the point g: whilst to U, 
who has her in his horizon, she appears at A. Now the distance 
betweenG and H being known, (see Q p. 20,) the distance M Gof the 
moon from the earth's centre, can readily be found from her paral- 
lax. 




P The sine of any arc used to measure an angle has 
always a known ratio to the radius with which that arc 
was drawn. Thus, if the radius (as A G) be one mile or 
one inch, the sine of 14° will be a little more than a quarter 
of a mile, or quarter of an inch : sine of 30° will be exactly 
half a mile, or half an inch : sine of 49° wiU be a little 
more than three quarters of a mile, &c. The sine of the 
arc (h g,) or (H G,) the parallax of the moon, is found to 
be about ^ of radius M G. Hence (H G) the semi-diame- 
ter of our earth, or 4000 miles, (which is in this case the 
sine,) is lAr of the distance of the moon, (in this case our 
radius,) and 4000 X 60=240000 miles. 

The snn is drawn as verti- 
cal in 5° of sonth latitude. The 
northern observer being in lat. 
45°, would have it at a zenith- 
distance of 50<*, whilst the 
southern observer, in lat. 30°, 
observes a zenith-distance of 
25° only. 

^ Suppose each of two indivi- 
duals situated on the same me- 
ridian, but one in north and the 
other in south latitude, to observe, on the same day, the zenith-dis- 
tance of the sun's centre at his station, when it is at the highest, that 
is, on their meridian and at their common noon. . ^ j- *- 

Then, as will be seen by the figure above, these two zemth-distanccs 
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wovldi were it not for parallaz, be enetly equal to thdr difference 
of latitude; and whaterer discrepancy tliere might be found on 
comparing their obwrrations, anppoaing them to be exactly made, 
and with proper dlowance for the refraction of the atmosphere, mtut 
be equal to ihu parallax 

** Thia once determined, the Horiiontal Parallaz," (and from it the 
distance of tiie ann,) ** is easily found by dinding tiie angle of paral* 
lax so found by the sum of the sines of the two latitudes.** (See Sir 
John Herschel's Ast. p. 191.) 

The distance of the sun is such, as to cause his horiiontal parallax, 
as found by this process and by others more elaborate, to be eight 
seconds of a degree : a quantity equal only to about one four-hun- 
dredth of that of the moon, and showing his distance to be about 400 
times greater. (See M p. 18.) 





P Bat it remains to introduce the pupil to a method by 
which may be ascertained (although, fh)m circumstances, 
not with great precision,) the diameter of the globe on 
which we five. 

It is part of a 
theorem in Euclid, 
(Book III. Prop. 
36,) that if a 
straight line be 
drawn from a point 
£ outside a circle, 
through that circle 
to D, an opposite 
point in the circumference, and another line be drawn from 
the same point £ to H, touching the circle ; the whole 
length of this line D £, multiplied by its part E F, (or the 
rectangle D ExE F,) will be exactly equal to the length 
E H multiplied by itself (or, to " the square of E H") 

So that, supposing I find that this line £ H is 6, and 
therefore its square (Q) 36 ; if I likewise know that E F 
is 2, £ D must, of course, be 18 ; since it wiU take 18 to 
produce the rectangle T, (36) by multiplication by 2. 

By referring to the illustration of the rectangle and the 
equal square, (page 1%) it will be understood that the 
length, D E, bears the same ratio to E H, the length of 
the square Q, that the width of that square bears to E f , 
the width of the narrow rectangle T. 
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'^ Suppose a pole 10 feethigli to be pUced oa the tea-ahore, and a 
telescope or theodolite, to be filed horizoDtalljr to the top of it : it is 
found* that an individnal looking through the telescope, (as fig. aboie,) 
can just discern Che top of another pole of the same height, simiUrlf 
placed OD an opposite shore, at the distance of eight milea from him 
That is, the top of the other pole, or some signal (as a brilliant lamp,) 
upon it, will be seen jnst peeping OTer the horiion at A. 

Now it is plain that the lijie of sight B A, must jnst touch the 
earth in the horiion at A, Aajf-tcO]/ between the two poles ; or at the 
distance of foor miles from either of them. And the top of the up- 
right pole B, is 10 feet above ' the circle of the earth.' uid would, 
if it were to grow far eaongh downward, pass through the earth's 
centre, and become a Diameter, 

Apply thia experiment to the theorem on the page we 
have just attended to, and we shall see that 10 feet multi- 
plied by the diameter of our earth, must, if the observation 
be correct, be equal to the square of 21,130 feet, or 4 milei, 
viz., 446,054,400 feet.f So that, dividing this equare num- 
ber by 10 feet, the width of our rectangle, (see p. 11,) we 
get 44,605,440 feet, or 8448 miles for our diameter; which, 
although not quite correct, is so only in consequence of the 
want of exactness in ascertaining the distance between the 
telescopes, and of the refraction^ of the atmoe[)here, which 
throws out the straightness of our line of sight ; and, 
varying with the weather, enables the observer to look 
farther round the cui^ature of the earth's surface at one 
time than at another. 

■■ An eje placed lower than B, or 10 feet, conld not, of coone, see 
this object. The horizon of a man six feet high, being distant not 
more tlian about three miles, and a boy offiie feet seeing to a distance 

• Sir J. W. Herschel'a AstroDomj, p.21. 

i- It maf help the memory of the pupil, if we say that a field four 

miles square, would contain the ssme quantity of grass or com, as ■ 

Seldof aU^:th eqiud to the diameter of the earth, and ten feet wide 

0^. J 3ee Indei " Light." 
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of notmorethmn about two mllet tnd > qnorter. Ttiat U. thi 
CDrratnre of our earth ii in a siniilar proportion ; tu,, abant 
in four milei ; lii feet in three nulea ; Atb ttet in two and a 



BLLIPBB, FAKABOLA, HYFEBBOLA. 

^ TheBe three figures, as well as the 

M\ circle and triangle, may, all of them, be 

^mS produced by the cutdng of a Cone. 

^^Bt'f They are therefore denominated " Come 

^^^/If Sectiom," and may be briefly described 

^■^n thus:— 

^^BgH^i^ii If the cutting i^ane be carried through 

m^^^^ I Jo/A gif[ff of Uie cone, otkeneige than 

af" ' parallel to the baae, (which is circular,) 

^-~— the figure will differ from a Circle, (C) 

and be elongated uto an Ell^te, (aa £). 

If the cutting plane pase through one sid* of the cone, 
and through itt baae, in a direction parallel to the other side, 
the figure will be a Parahola, (aa P) . 

If the cutting plane pass through a aide and the base in a 
direction less inclined to the baae than the other side is, the 
figure will be an Hyperbola, (as H). 



' If two pins be stuck in a smooth board, 

and the ends of a thread, conuderably 

longer than their distance, be attached to 

them, the point of a pendl which keeps 

this thread stretched, if moved as limited 

by it, will mark out an Ellipse, which 

-^ will be more or less like a circle, accord- 

^^'p^ ing to the degree by which the length of 

1 ) the thread exceeds the distance of the 

/ j pins. He places of the pins will be the 

y two focuses (/on). If we take the Ellipse 

"' and draw a hue A B through the foci, and 
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take c, the middle point between them, 
and draw a line M m, crossing it at right 
angles to A B. 
/^ Then A fi is the Major Axis; M m the 
Minor Axis ; c is the Centre, and c F or 
c f, the excentricity of the Ellipse. 
T The difference of distance of F from A and from B, 
will, of course, vary with the shape of the ellipse, t. e., with 
its excentricity ; but a line drawn from M to F, will always 
give the medium or mean distance. 




Each of the ** Conic Sections" has its peculiar properties, which 
are well known to mathematicians. 

** They are naturally allied to each other, and one cunre is changed 
into the other perpetually, when it is either increased or diminished. 
Thus, tiie curvature of a ctrcfe, being ever so little increased or di- 
minished, passes into an ellipse : again, the centre of an ellipse going 
off infinitely, and the curvature being thereby diminished, it is changed 
into a parabola ; and lastly, the curvature of a parabola being ever so 
little changed, there arisetii the first of the hyperboloM, the innumer- 
able species of which will, all of them, arise orderly by a gradual 
diminution of the curvature ; till this quite vanishing, the last hyper- 
bole ends in a right line.'' — Dr. Hutton^s MathemaHeal ZHetkiuny. 

V The Planets in their courses around the sun, describe 
Ellipses of very little excentricity, of which the sun is a 
focus. 

" Three or four comets describe very long Ellipses, and 
nearly all the others that have been observed, are found to 
move in curves which cannot be distinguished from Para- 
bolas. There is reason to think that two or three comets, 
which have been observed, move in Hjrperbolas. 

" Every thing that is said respecting the motion of a 
planet, or body of any kind, round the sun. in consequence 
of the sun's attraction, applies equally well to the motion 
of a satellite about a planet ; since the planet attracts with 
a force following the same law, though smaller, as the at- 
traction of the sun. Thus, the moon describes an Ellipse 
round the earth, the earth being the focus of the Ellipse : 
Jupiter's satellites describe each an Ellipse about Jupiter, 
and Jupiter is in one focus of each of these Ellipses : the 
same is true of the satellites of Saturn and Uranus." — 
Professor Aiiy on Gravitation. 
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METHODS OF MARKIKO THB FIXBO STABS. 

The most ancient method of distinguishing a star, is that which 
gives its place in the picture of its constellation ; as *' the first," (or 
westernmost,) ** in the belt of Orion :'* *' the first in the left wing of 
Virgo," &c. The Arabians afllzed names to the principal ones ; and 
some of these names are still retained, as Aldebaran, Kigel, Fomal- 
hant, &c. 

Bayer, a lawyer and astronomer of Germany, in the beginning of 
the 17th century, introduced the method of indicating the relieve 
brilliancy or apparent magnitudes of the stars, in any constellation, 
in the order of the letters of the Greek alphabet. When the Greek 
letters are exhausted in this way, the stars next in brilliance are 
similarly marked by the small letters of the Roman alphabet, a, b, c, 
&c. Flamsteed, and the more modem astronomers, have agreed in 
using the letters of Bayer. There is also a numbering of the stars, 
which refers to their places in the several published catalogaes of 
different astronomers. 

It will be well for those who are unacquainted with the sounds of 
the Greek letters, to spell out their names as given below ; as well 
as those words which are given in the next class of definitions. 
The capitals are seldom, if ever, used to the stars. • 

6BBBK ALPHABBT. 



A a 


'AX0a 


Alpha 


a 


B /3 : 


B^ra 


Beta 


b 


V y r 


Tdfifia 


Gamma 


i 


A S 


AiXra 


Delta 


£ t 


'Eif/iXov 


Epsilon 


e short. 


ZK i 


Zijra 


Zeta 


z 


H V 


^Hra 


Eta 


e lonff. 


e ^ e 


Oijra 


Theta 


th 


I t 


Idra 


Iota 


• 

1 


K K 


Kdvira 


Kappa 


k c 


A \ 


Aafifida 


Lambda 


1 


M /£ 


Mv 


Mu 


m 


N V 


Nv 


Nu 


n 


% K 


»i 


Xi 


X 


Q 


*OfAiKpbv 


Omicron 


little, or short. 


n TT «r 


m 


Pi 


P 


p p p 


•Pui 


Rbo 


r 


2 e (T 


'SXyfia 


Sigma 


8 


T r 1 


Tav 


Tau 


t 


Y V 


Xil/iXbv 


Upsilon 


U 


<t> 


<bi 


Phi 


ph 


X X 


Xi 


Chi 


ch 


^ yf/ 


^i 


Psi 


ps 


Q (u 


'Q/il-ya 


Omega 


great, or long. 
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DEFINITIONS, ILLUSTRATIOlfS, ETC. 

CLASS II. 

1. Planets (wXaniTfis, a wanderer) are bodies belonging 
to our solar system ; which, pursuing their courses to re- 
ceive the light and heat of the sun, are seen reflecting his 
beams in constantly varying situations. The following are 
the chief, or primary planets, with their symbols and rela- 
tive sizes.* 




2^ Jupiter. 
Diameter gi thousand miles. 


h Saturn. 
Diameter 76 thousand miles 


Uranas. 


® 

BwQi. 


? ^ 5 

Venus. Mars. Mercury. 


•n 


o 






45Thous. SThous. 71 Thous. 4^ Thous. a Tfaous. 

Of these. Mercury, although brilliant, is seldom favour- 
ably seen on account of his proximity to the sun. Venus 
has the most splendid appearance, on account of her near- 
ness to the sun and our earth ; and Mars also is conspicu- 
ous, from his little remoteness from us. Jupiter and 
Saturn, although at great distances, are even more splendid 
than Mars, from the extent of their reflecting surfiaces ; 

* See also *' Planetarium,*' in the Appendix. 

D 
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whilst Uranus or Herschel, (called also the " Georgium 
Sidus/' or " Georgian,") alUiough of magnitude so con- 
siderable, at a distance dou|)le that of Saturn, is barely 
discernible by the naked eye. 

2. Minor Pbimart Planets are those that have been 
detected between the orbits or courses of Mars and Jupiter ; 
viz., Geres ?, Pallas ?, Vesta B» Juno 7. They are 
termed Asteroids ; and being very minute, are never visible 
without the telescope. 

3. Secondary Planets, Moons, or Satellites, (Sa- 
telles, Lat., an attendant,) are those which are seen to 
revolve about some of the primary planets, as auxiliaries to 
reflect the light of the sun upon t^e darkened portions of 
their surfiaces. 

Of these, besides that attending our earth, seventeen others have 
been discovered by the telescope ; viz., four belonging to Jupiter, 
seven to Saturn, and six to Uranus. 

4. Fixed Stars are distinguished from the planetary or 
moving bodies of our system, by the constant twinkling of 
their Hght. About 2000 only are visible to the naked 
eye ; but it is calculated that, in the whole expanse of the 
heavens, there are a hundred millions within the reach of 
telescopic vision, — the whole number registered down to 
the seventh magnitude, amounting to between 15»000 and 
20,000 (L on page 6). 

5. The Magnitude of a Star is a term used to denote 
its apparent brilliancy. We see, without a glass, five or 
six gradations of star-light. Telescopic research has de- 
tected stars, which, from their small portion of brilliancy, 
might be classed as of the sixteenth magnitude ; but the 
disks, even of those of the first magnitude, dwindle more 
nearly into points, in proportion as the construction of the 
telescope approaches perfection. 

A scale of these gradations is given near the North Pole of every 
celestial globe. Thus, a star of the first magnitude is, in some editions, 
marked with eight petals or rays ; a star of the second magnitude with 
seven petals, &c. 

6. A Constellation is an imaginary arrangement of a 
number of fixed stars into the outline of a figure ; as a 
bear, a dragon, a swan, &c. Constellations are referred to 
in the works of Homer and Hesiod, (900 years before the 
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Christian ttra). They occur in the prophecy of Amos, 
near the same period; and Arcturus, Orion, and the 
Pleiades are mentioned twice, even in the book of Job).* 

**The similarity of the constellations recognised in different 
countries, is very remarkable. The Chaldean, the Egyptian, and the 
Grecian skies, have a resemblance which cannot be overlooked. 
Some have conceived that this resemblance may be traced also in the 
Indian and Arabic constellations, at least in those of the Zodiac. 
• * * * * It is clear that fancy, and probably super- 
stition, had a share in forming the collection of constellations. The 
stars were supposed to influence the character and destiny of man ; 
and to be, in someway, connected with superior natures and powers.'f 
We may, I conceive, look upon the formation of the constellations, 
and the notions thus connected with them, as a very early attempt to 
find a meaning in the relations of the stars, and as an utter failure.' *t 

7. Morning or Evening Stab. Venus and Jupiter, as 
the most conspicuous of the planets, receive the names of 
Morning or Evening Stars, according as they are situated 
westward of the sun, and are therefore seen to rise before 
him ; or are eastward of that luminary, and therefore ap- 
pear in the evening after he has set in the west. 

8. The Terrestrial Globe is a model of our earth, the 

third planet in order of distance from the sun; and is 

designed to exhibit the relative situations of its several 

countries and seas, and their varying positions in the light 

of any heavenly body, as our planet revolves on its axis and 

in its orbit. 

Not more than one half of the surface of any globe can he en- 
lightened, at any instant, by the direct beams of a distant luminary. 

9. Axis of the Earth is the diameter about which it 
revolves with a uniform motion from west to east, (C on 
page 8). 

10. Poles of the Earth are the points where its axis 
meets its surface, (F on page 8). The northern extremity 
of the earth's axis is called the Arctic Pole, because it is 
situated nearly beneath that part of the heavens occupied 
by the constellation of the Bear, (apicroc* arctos). Hence 
also the southern or opposite Pole is called Antarctic. 

For great Circles and small Circles, see D on page 8. 

1 1 . The Celestial Globe is a model of the apparent 

* See ** Rhymes on the Constellations,'' Appendix. 

t See " Astrology." 

X Whewell's Hist, of the Inductive Sciences, pp. 134, 136. 
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sphere of ttam, fonned on the sappositiQu of the obeenrer's 
being situated at its centre, and viewing the stars on its 
concave surface. 

12. PoLBS OF THB Gblbstial Sphebb are those points 
which are exactly vertical to the two poles, or stationary 
points, of the earth's sur&ce ; and which, therefore, are 
not affected with that apparent westward motion which is 
common to all other points in the Celestial Sphere, as our 
earth's surface rotates eastward within it. 

13. Equatob of the earth, or terrestrial globe, is a great 
circle passing, or supposed to pass, through all those parts 
of the surfiEu^ which are equally distant from both poles ; 
and which, being most distant from the axis, are carried 
the most rapidly eastward by the rotation of the globe. 

14. Equinoctial of the celestial globe or heavens, is a 
line passing, or supposed to pass, over all those stars or 
points in the sphere which are equally distant from both 
Polar points ; and to which, successively, the head of any 
Equatorial inhabitant is pointed as he is carried eastward 
by the earth's diurnal rotation. 

When the earth is so situated in space, as that its inhabitants be- 
hold the snn coinciding with this line of stars, our nights are equal to 
our days ; hence the name Equinoctial. 

15. Latitude of a Place is its distance northward or 
southward of the Equator, and Is reckoned in degrees and 
parts of a degree. 

For " Latitude of a Heavenly body," (see Index). 

16. Paballels of Latitude are small circles parallel to 
the Equator, which, on globes and in maps of the world, 
are generally drawn through every ten degrees. 

17. Declination of a Hbavbnlt Body is its dis- 
tance northward or southward of the Equinoctial, reckoned 
in degrees and parts of a degree. 

Since the Equinoctial stars appear to pass yertically over the 
Equator, and the Polar points are vertical to the Poles, it is evident 
that the declination of any star, shows the latitude in which that star 
appears to pass vertically. 

18. Paballels of Declination are small circles parallel 
to the Equinoctial, and corresponding to the parallels of 
latitude of the terrestrial globe. 

19. Plane of the Mbaidian of any place, is an ima- 
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ginary plane, which, passing through the place and the 
whole axis of the earth, passes likewise through all situa- 
tions northward and southward of that place, and through 
their several Antipodes, (Note to G on p. 9). 

90. Baazen MsBinTAN is the circle of brass within 
which the artificial globe is suspended by its poles. 

On the terrestrial globe, the flattened and graduated sur- 
face of the Brazen Meridian represents a portion of the 
plane of a meridian extending beyond the earth's surface, 
and serves to find what places agree in meridian and time. 

On the Celestial globe, this graduated surface of the 
brass meridian represents a portion of the plane of a meri- 
dian extended beyond the Heavens; and serves to show 
what heavenly bodies are situated in the same plane with 
oar whole axis, and are therefore brought by die earth's 
rotation into the plane of a meridian at the same instant of 
time. 

21 . Divisions of the Brazen Meridian. The brazen meri- 
dian of either globe, is divided into semicircles, which have 
different uses. The upper semicircle has its quadrants 
graduated from the Equator or Equinoctial, northward and 
southward, and is used to point out latitude and declination. 
The under semicircle has its quadrants graduated from the 
Poles, to enable the student to elevate them above the 
wooden circle, as may be required. 

22. Meridians (or, ** Semi-meridians," or "Meridional 
lines,**) of the terrestrial globe, are semi-circumferences, 
passing through the poles, and showing what portions of 
the surface have a common meridian plane. They are 
sometimes drawn through every 15^, and sometimes, but 
less conveniently, through every 10° of the globe's cir- 
cumference. 

23. Longitude of a Place is the inclination of the 
plane of its meridian towards the east or towards the west, 
of a given standard meridian plane ; and is reckoned in 
degrees and parts of a degree. For this purpose, the 
Equator of the terrestrial globe is divided into semicircles, 
one of which is graduated eastward and the other west- 
ward. The greatest longitude anyplace can have, is 180^, 
or half the circumference of the globe. 

24. The First Meeidian is that from which geogra- 

d2 
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phera reckon in aiwigning the longitudes of places. The 
ancient geographers measured their longitude from the 
meridian passing through Ferro, one of tibe Canary i&les. 
The Dutch also reckon from the Peak of Teneriffe in thai: 
group ; but foreigners generally, count longitude from the 
observatories of their respective nations; and the first meri- 
jdian of English maps and globes, is that which passes 
through the Royal Observatory at Crreenwich. 
For " Longitude of a Heavenly body/' see Index. 

25. Thb Houb Cibcle on the artificial globe, is a small 
circle of brass, attached to the extremity ci the axis, and 
divided into parts corresponding to the twenty-four hours 
of the day, and their subdivisions ; in order to adjust the 
proposed time to any proposed meridian. 

There are various arrangements of the Hour Circle in various edi- 
iions of the globes. Some have a double row of figures, others but 
one. Some have the hour circle placed under the brass meridian, 
which is used as its index : others have the hour circle attached to the 
brazen meridian on its outside, and stationary, whilst the time is 
shown by an index moving with the globe. The more simple and 
less expensive arrangement of an hour circle placed at each pole, 
wtder the brazen meridian, and with a double row of figures to that 
only which is attached to the terrestrial globe, is indispensable to the 
free use of the globes. 

26. " Hour Circles," or " Horary Girclbs,'* is a 
term also sometimes appHed to those meridians which, on 
many terrestrial globes, are drawn through every 1 5^ of 
longitude, and thus very convemently divide the Equator 
on which it is reckoned, into twenty-fourths, or hours. 

The Horizon (opc^ai, Aorizo, I limit,) is either Sensible 
or Rational. 

^ 27. The Sensible Horizon is that circular limit of a 
view of the earth's surface, (taken at sea, or on extended 
plains,) which is caused by the convexity of its figure. 

A man of six feet stature, standing on the sea-shore, has his view 
limited by a circumference, distant only three miles. The greatest 
altitude, above the average surface, ever attained by man, was that of 
M. Guy-Lussac*8 balloon ; viz., rather less than five miles ; when his 
view comprehended Y^tnr of the earth's surface, (F on p. 10). 

28. The Rational or True Horizon is an imaginary 
plane, parallel to the sensible horizon, and passing tlm)ugh 
the earth's centre to and beyond the heavens. 
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These two Homontal Flanes, (the Sensible and lUtioiMl,) altheogb 
thus separated by 4000 miles, (the semi-diameter of the earth,) mil 
appear to coincide when considered as extending to the stars, because 
the earth's diameter is but a point when compared with that ex- 
tension, (B on p. 10). 

29. The HoKizoN or thb Cxlbbtial Olobb is the fiat 
wooden ring, or portion of a circular plane whidi surrounds 
the globe and is concentric with it. It represents a portion 
of the plane of the rational horizon of any latitude to which 
the celestial globe is adjusted, and thus affords the means 
of determining the rising and setting of the heavenly 
bodies, their altitudes, bearings, &c. 

30. Thb Tbkminatob is the flat wooden ring surrounding 
tiie terrestrial globe, and concentric with it; and is dengned 
to exhibit the position of the earth's surfieu^, in the light of 
«, heavenly body of any declination; but ei^>ecially the 
seasonal distribution of sunlight arising from the position 
of the earth's axis with respect to the sun, on any day and 
hour for which the globe is adjusted. 

31. Markings of the Horizon or Terminator, The 
different editions of the globes vary somewhat in tiieir 
markings of this wooden circle. 

It is divided into several concentric circles : — 

The outermost contains the twelve months, printed under> 
neath their days and the degrees of the signs of the 
Zodiac which correspond to those days. 

Between the globe and these Signs, (which are given 
with their S3^bols and sometimes with their stars,) are the 
thirty- two Points of the Compass; and, still nearer the 
globe, are two circles of figures, of which the innermost 
always shows the Amplitude or degrees of distance from 
the east or west; and the other the Azimuth, or degrees 
of distance from the north or south. Several editions of 
the globes omit this Azimuth graduation. 

3^. Hbmisphb&e, (iffuav i^misu, half, and or^acpo, a 
globe,) the half of a sphere when divided by a great circle 
or the plane which passes through its centre. Thus, the 
Celestial Sphere is divided into Hemispheres by the rati<Hial 
horizon : the Equator divides the earth into the northern 
and southern, and the plane of the first meridian divides it 
into the eastern and western Hemispheres. 

33. Diurnal Arc is the arc described by any heavenly 
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body from its xising to its setting; and is measured in 
time. 

34. Nocturnal Abc of any heavenly body, is, in like 
manner, measured by the time of its absence from the 
celestial hemisphere of any latitude, or from its setting to 
its rising again. 

3d. Cardinal Points, (cardo, Lat. a hinge,) are those 
which are principal or reckoning points on the earth, or in 
the heavens ; viz., the North, South, East, and West: the 
first degree of the signs Aries, Cancer, libra, and Capri- 
comus : the Zenith, Nadir, &c. 

36. Thb Compass consists. First, of a circular card or 
paper, with the 360° of its circumference divided into 
thirty-two parts ; each of these parts, therefore, containing 
1 1 i°, and being called *' Points of the Compass." Secondly, 
of a magnetised needle, which, being poized at the centre 
of the card, and constantly pointing towards the north- 
pole of our world, determines the position in which the 
card should be placed, in order that it may show the rela- 
tive direction, or " bearing," of any part of the horizon. 

The Mariner^s Compats differs from the compass attached to 
Globes, or usually employed to adjust them, in having the card poised 
on its centre and moved by the magnet attached to its under surface. 

37. Variation of the Compass. 
By the apparent positions and mo- 
tions of the heavenly bodies, as caused 
by the rotation of the earth, it may be 
seen that the magnetised needle does 
|b not point along our meridian, or duly 
to the north ; but, at present, 24^° 
westward of it (at Greenwich). The 
compass card therefore, mustbe moved 
about until its Fleur de Lis or north 
point be placed 24^° eastward of the pointing of the magnet, 
aJs a correction of this variation. (See Magnetism, Index.) 

38. Thb Zbnith is that point in the celestial sphere 
which is immediately overhesid, and which is equally dis- 
tant from all points of the horizon. 

39. Thb Nadir is that point in the heavens which is 
diametrically opposite to our feet. It is the Zenith of our 
Antipodes. 
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Thofl the Zenith and Nadir are the two po&BS of our horisoni and 
each is 90^ distant from every part of it. 

40. Zenith distangb of any celestial object, ia the dis- 
tance of its centre from the zenith, or the compleinent of 
its altitude above the horizon. (See illustr. H, p. 19). 

41. Polar distance of any celestial object, is an arc of 
the meric^an contained between the centre of that object 
and the pole of the Equinoctial. 

42. Vertical Circles are imaginary circles of any 
bearing whatever, passing through the Zenith and Nadir 
of an observer, and therefore cutting his horizon at right 
angles. Thus the brazen meridian represents a vertical 
circle passing north and south. 

43. Prime Vertical is that vertical circle, which pass* 
ing through the east and west points of the horizon, is at 
right angles with the meridian. 

44. Altitude of any heavenly body, is its distance 
above the horizon, reckoned in degrees on a vertical cirde: 
hence it is the complement of the zenith distance. 

45. Azimuth of any heavenly body, is the distance or 
bearing of its present vertical circle from the meridian^ 
reckoned in degrees on the horizon. 

Hence vertical circles are also called azimuth circles. Azimuth, 
therefore, means nothing more, than the distance at which any 
heayenly body would be found from the north or south of the horizon , 
if it were instantly to glide down, the shortest way, from its present 
elevation. The variation of the magnet from the meridian is ascer- 
tained at sea by comparing the true azimuth, found by calculation 
from the observed latitude and altitude, or by the Globe, with that 
shown by the Azimuth Compass. 

46. Amplitude is the number of degrees intercepted 

between the centre of an object when rising or setting, and 

the east or west point of the horizon. 

The variation of the magnet may be found by contrasting the true 
amplitude, found by calcolation, or by the globe, with that shown by 
the compass. 

47. Angle of Position, (or apparent bearing) of a given 

distant place, is the bearing of the zenith of that place 

from the meridian of the observer ; and is reckoned on his 

horizon frx>m that point (north or south,) over which the 

pole of the Equinoctial is elevated. 

Hence it corresponds to the azimuth of that point of the heavens, 
which, at the time, is in the zenith of the distant place. 
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48. QuADRAKT OF ALTITUDE 18 the graduation of 90^ 
of a large circle of the sphere, on a thin flexible strip of 
brass, provided with a pivot and screw. When attached 
by this means to the uppermost part of the brass meridian, 
it serves to trace out and to measure the arcs of vertical 
circles, the altitudes of stars, their azimuths, &c. There is an 
additional graduation of 18^ in a contrary direction, for the 
purpose of measuring the depression of the sun, &c., which, 
thus serving to ascertain the duration of twilight, is called 
the " Crepuscular" g^raduation. (See Twilight, Index.) 

Positions of the Sfhebb are three. Right, PABAiiiiEL, 
and Oblique. 

49. That position of the Sphere is called Right, which 
they have who live at the Equator ; and who, having al^'ays 
a point of the equinoctial in the Zenith, have the Polar 
points in their horizon. To such inhabitants all the 
heavenly bodies rise and set, and have their daily courses 
at right angles with the horizon. 

50. That position of the sphere is called Parallel, which 
would be presented to an inhabitant of either Pole ; who, 
having the Polar point in his zenith, would have his horizon 
coinciding with the Equinoctial, and the heavenly bodies 
of one hemisphere only, constantly circling around him in 
lines parallel to it. 

51. That position of the sphere is called Oblique, which 
they have who Hve neither at the Pole nor at the Equator ; 
but who, having those stars culminating* vertically, which 
have declination answering to their latitude, have the Equi- 
noctial stars culminating northward or southward at a 
corresponding zenith distance, and a portion of the heavenly 
bodies of both hemispheres rising and setting in courses 
oblique with regard to the horizon. 

5^. Right Ascension of any heavenly body, is that 
degree of the Equinoctial which comes to the meridiain 
with it. It is called Right Ascension, because, at all places 
situated on the Equator, and having, consequently, a Right 
sphere, this degree not only culminates with the heavenly 
body, but also rises and sets with it. Right Ascension is 
reckoned from the first point of Aries eastward all round 
the globe, either in degrees and parts of a degree, or in 
hours, minutes, and seconds. 

* G on page 9. 
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53. A SioBKEAL Clock is a clock so cooatructed, as 
that its hands may perform their revohitions, not in %4 
hours, but in 23 hours, 56 minutes, 4 seconds, and nine 
hundredth-parts of a second ;* and which, being set at the 
instant that the first degree of Aries comes to the meridian, 
will point out to the astronomer the right ascension which 
may be on the meridian, at any instant of its being 
consulted. 

.54. Oblique Ascension of any heavenly body, is that 
degree of the Equinoctial which rises with it in an Oblique 
Sphere. It is reckoned, like right ascension, from the first 
point of Aries ; and varies with the obliquity of the sphere, 
that is, with the latitude. 

55. Oblique Descension of any heavenly body, b that 
degree of the Equinoctial which sets with it in an Oblique 
sphere ; and, like the oblique ascension, is greater or less 
according to the latitude. 

56. Ascensional Diffeeencb is the number of de- 
grees between that point of the Equinoctial which, in a 
given latitude, rises with a heavenly body, and its right 
ascension or the point which rbes with it at the Equator 
and every where culminates with it. 

Similarly, the corresponding number of degrees between the right . 
ascension of a heavenly body, and that degree of the Equinoctial 
which sets when it is setting, is called its Descentional D^ff^erenet. 

57. Disc {liaKo^, a quoit,) is the drcular face of the 
sun or moon, so caUed from its apparent flatness. The 
diameter of a disc is supposed to be divided into twelve 
equal parts, called " Digits" Any portion of the circum- 
ference of a Disc is called its " Limb" 

58. An Eclipse (cKXei^cc, a falling away,) is " a priva* 
tion of the light of one of the luminaries, by the interpo- 
sition of some opaque body," either between that body and 
the eye, or between that body and the sun. 

The term Occultation also, is applied to the interposition of the 
moon between us and a star or planet : Transit ^ to the passage of the 
inferior planets, Mercury and Venus, across the sun's disc. In both 
cases the commencement of the occuiTcnce is called the Immernon 
of the star or planet, and the termination of it, its Emersion. The 
term transit is also constantly employed for the daily culmination of 
any heavenly body. 

* See definition Sidereal Day. 
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59. BcLxnx of thb Svn is the oocultation or hiding of his 
disc, or of a portion of it» by the intervention of the moon. 

Hence, at the time of a Solar EdlpMi the moon ia Tertical, or nearly 
■o, where the ami is Tertical. 

60. EcLiPsx 09 THE MooN is the obscuration of her 
disc by the shadow of the earth. 

Hence, at the time of a Lnnar edipie, the ami is Tertical, or nearij 
■o, to the Antipodea of thoae who haTe the moon Tertical. 

61. The Ecliptic, in the heavens, or on the celestiai 
globe, is a great circle drawn, or supposed to be drawn, 
over all those stars which are situated in the same plane 
with our earth and the sun, and over which that luminary 
therefore appears to pass as we revolve around him. The 
ecliptic derives its name from the circumstance of the 
moon's being situated in it at the time of eclipse. It is 
sometimes called the sun*s path; but sometimes also, 
and more correctly, " the'*' heliocentric circle of the earth/* 
as it marks out the real annual path of our planet, as 
it would be seen from the sun's centre. (See Ecl^tk 
illustrations. Index.) 

The ** £cliptic" on the terrestrial globe, ia nothing more than a 
record, given in a oontinuons line, of tiie degrees of latitade which, 
day by day, answer to the declination of the snn, as onr earth rerolves 
around him whilst keeping its axis invariably directed to the Polar 
point. 

62. Thb Obliquitt of thb Bclxftic is the angle at 
wMch the ecliptic is inclined to the Equinoctial, and consists 
of ^dP 28'. It ia the angle at which the earth inclines its 
axis and, consequently, its Equator, whilst annually moving 
around the sun in the echptic plane. (See Ecliptic Ittus^ 
trations. Index.) 

63. Equinoctial Points. Those points of the celestial 
sphere, where the ecliptic is intersected by the Equinoctial, 
are called Equinoctial points. (See Ecliptic IllustratioHS, 
Index.) 

64. Solstitial points, ob " Solsticbs/' (LAt. sol, the 
sun, and stare, to stand,) are those points of the celestial 
sphere where the sun's apparent motion to the south or to 
the north ceases ; and at which he, consequently, appears 
in that respect to stand still, 

* ^Xms (Aelios) the Snn. 
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65. Tb3Pics (rpoTrew, I turn, because the sun turns 
back again when he reaches them,) are two imaginary circles, 
parallel to the Equinoctial, at ^3° 28' to the north and 
south of it, and passing through the solstitial points of the 
ecliptic. That in the northern hemisphere is called the 
Tropic of Cancer, and that in the southern hemisphere, 
the Tropic of Capricorn, because the sun at the respective 
solstices is situated in those signs. 

The Tropics, when referred to the earth or terrestrial 
globe, are those two parallels of latitude which correspond 
to the greatest northern and southern declination of the sun, 
and to the inhabitants of which the solstitial points pass verti- 
cally. Hence the term "Tropical " is used to designate those 
portions of the earth's surface which are situated between 
these parallels, and exposed to the vertical rays of the sun. 

66. Analemma, as applied to the terrestrial globe, is a 
calendar of the year, printed upon some vacant part of the 
surface of the globe from tropic to tropic; and so arranged 
as that each day may be marked upon the latitude answer- 
ing to the sun's declination for that day. 

67. CoLtTBEs (KoXovpoi, mutilated,) are two great circles 
which are drawn through the Poles at right angles to each 
other, and pass through the Equinoctial and Solstitial 
points. I'hey thus divide the ecliptic into four equal parts, 
and mark the four seasons of the year. They have their 
name because a portion of them is edways hidden below the 
horizon. 

68. Polar Circles (of the earth or terrestrial globe,) are 
two small circles, at such distance from the Poles or ex- 
tremities of the earth's axis, ad corresponds to the degree 
of inclination of that axis towards the ecliptic plane. 
Hence they are distant from the Poles 23° 28°, and are the 
parallels of latitude 66° 32'. The northern is called the 
Arctic, and the southern the Antarctic Circle. (See 
Definition 10.) 

69. The Zodiac ({^oiScov, an animal,) is that circle of 
constellations through which the ecliptic plane passes, and 
which is so called because of its consisting chiefly of the 
unaginary figures of animals. It is "the area within which 
the apparent motions of the sun, moon, and all the greater 
planets are confined.*' 
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70. Signs of thx Zodiac are the twelve Conatellations 
through which the sun appears to pass during the year. 
The ecliptic is divided into twelve equal parts, correspond- 
ing to these signs, and each sign is subdivided into thirty 
degrees. The sun makes his apparent annual progress 
through the ecliptic, at the rate of nearly one degree in 
a day. 

The names and symbols of the signs, and the days on 
which the sun enters them, are as follow. 

NORTHBKN SIGNS. 

T Aries, the Ram 21st March. 

a Taurus, the Bull 19th April. 

n Gemini, the Twins 20th May. 

do Cancer, the Crab 21st June. 

Si Leo, the Lion 22d July. 

(ijjj Virgo, the Virgin 22d August. 

SOUTHB&N SIGNS. 

^ Libra, the Balance 23d September. 

JH Scorpio, the Scorpion 23d October. 

I Sagittarius, the Archer . . , • 22d November. 

Vf Capricomus, the Goat 2l8t December. 

::;; Aquarius, the Water-bearer, 20th January. 
K Pisces, the Fishes 19th February. 

The first three northern signs, and the first three 
southern ones, are called ascending signs; because, when 
in them, the sun is increasing his declination. The other 
six signs, in which the sun is approaching the Equinoctial, 
are c&dled descending signs. 

%* Those of oar young friends whose ' memories find difficulty in 
retaining dates, will probably derive much assistance from the memo- 
rial lines given in the Appendix. (See Dates qf the Zodiac, Index.) 

71. Zones (i^ktvrit a belt or girdle,) are large divisions of 
the earth's surface, made by imaginary circles parallel to 
the Equator. There are five Zones, viz., the Torrid Zone, 
consisting of that portion of the earth's surfoce more directly 
presented to the heating influence of the sun: the two 
Frigid Zones, or regions surrounding the Poles, which. 
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73. Ahphibcii, or Amphisraans, (a^t, botl,, ^^^ h 

a shadow,) the inhahitants of the Toirid ZoneTw!;^ ^ 

dnrin|- one portion of the year, their sbodowa u in^. 
cast northward, and duiing the other portion, souttnti^- 

73. Ascii, (a, without, and aaa, a shadow,) th« ^ 
habitants of the Torrid Zone on the two dap which tV 
have the meridian sua vertica]. 

74. Hbtbroscii. (hcrcpof, difierent.andrKia.aBhadow.) 
The inhabitants of the north and south Temperate Zones 
may thus be denominated with reference to the shadows of 
either ; because the meridian sun, on any day, casts the 
shadow of the latter sonthwaul, whilst he casts those of 
the former northward. 

75. Pbbibcii ("i". around, and irnia, a shadow). The in- 
habitants of the Fri^d Zones during their long period of 
sun-light ; because the sun, doring every twenty-four 
hours of that period, is in every pomt of the compass, and 
casting their shadows towards the opposite point. 

76. TwiLioBT. (Lat. CrepvBcutum.) See Index, Light. 

77. PBaiaci, (nf, roundabout, and aww. 1 dwell). Those 
who, whilst Uving in the same parallel of latitude, and 
having, therefore, the same seasons and lengths of days; 
have opposite hours of the same day, because they dwell in 
opposite longitudes. 

78. Ant<eci, («»n, over against, and i>««t). Those who, 
vrhilst dwelling on the same meridian, and having, there- 
fore, the same time of day ; have similar latitude in opposite 
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hemispheres: hence their seasons are contrary, and the 
length of any day of the year in the one situation corre- 
sponds to the length of the night in the other. 

79. Antipodes, {omti, opposite, and voScf, feet,) are those 
who are so situated on our globe, as to have their feet 
diametrically opposed. They have opposite longitudes, and 
equal latitudes in opposite hemispheres; consequently, 
their hours, seasons, and lengths of day and night, are not 
only different, but all exactly contrary. 

80. Climate, (irXi/Aa, an inclination or declining.) In 
the general acceptation of the word, is taken to signify the 
atmospheric temperature of any district ; but, originally, it 
was applied to denote " that inclination of the axis of the 
terrestnal sphere, from which result the inequalities of day 
in different latitudes." 

The ancients, deeming only a very limited portion of the 
earth to be habitable, reckoned seven such climates. There 
are now reckoned sixty of them ; viz., thirty of each hemi- 
sphere, as follows : — 

I. Twenty-four climates are reckoned northw;ard, and 
twenty- four southward, from the equator, or where the day 
is invariably twelve hours, to the polar circle, where the 
longest day of each hemisphere contains twenty-four hours : 
the latitudes in which the longest day consist of exact half- 
hours, as 12-x hours> 13 hours, 13| hours, &c., being the 
boundary latitudes of climates. 

II. Six climates are reckoned in the Frigid Zone of each 
hemisphere, by months of continuous sun-hght: the latitudes 
in which that period consists exactly of two, three, four, 
and five months, being the boundary latitudes of climates. 

For "Atmospherical temperature," see f/ea^in the Index. 

81. For Sidereal Year and Solar Yeae, see ** Preces- 
sion of the Equinoxes,** Index. 

82. Astronomical and Civil Reckoning. Astrono- 
mers do not distinguish night and day, but begin from 
noon to count twenty-four hours. Thus one o'clock and 
eleven o'clock in the morning of the ] st Jan. 1 840, are, 
respectively, 13 hours and 23 hours of 3ist December 
1839 ; and six a.m. of September 17th, will be 18 hours 
of September 1 6th : the hours from noon until midnight* 
alone corresponding with Civil or common time. 
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83. SioBRBAL Day, is the time occupied by one com- 
plete revolution of the earth about its axis, and consists of 
23h. 56m. 4s. and nine hundredths of a second. 

The Sidereal day is ascertained by observing the intenral between 
two consecutiye passages of a fixed star oyer ti^e fine wires which in- 
tersect in the focus of a transit instrument, a telescope, the centres 
of the glasses of which are adjusted with the greatest exactness to the 
plane of the meridian ; and which, in obserratories of importance, is 
made to rest on massive stone piers, to insure its freedom from vibra- 
tion, or other accidental disturbances. 

84. Solar Day, is the portion of time intervening be- 
tween two consecutive noons or midnights ; and is of the 
average length of 24 hours. 

It consists of the Sidereal day, or time of the complete 
rotation of a meridian plane, and that additional portion of 
time which it occupies in arriving, to coincide again with 
the meridian plane of the sun ; which, during the sidereal 
day, is shifted nearly one degree eastward by the earth*s 
progress in her path around that luminary. 




Thus, let R B represent a portion of the earth's annual orbit ; (the 
sun being near our book on the table, and the star ReguhUf of the 
constellation Leo, on the distant wall) : then the left hand figure 
represents the meridian of Loi^don coinciding with the sun and the 
star on 20th August ; and the right-hand figure, the same meridian 
again coinciding with the sun on the 21st August to complete the 
solar day, about four minutes after it has completed the sidereal day 
by coinciding again with Reguluf ; the relative positions of the 
meridian, the sun, and Regulus^ having been thus affected by the 
earth's orbitual motion. 

85. Appabent noon is the exact completion of the solar 
day, or the instant at which the sun's centre coincides with 

b2 
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the meridiaii. The interval between one apparent noon end 
another, or the Solar day, is subject to continual variation f 
first, because the rate of motion of the earth m its orbit is 
unequal, and causes a corresponding inequality in the 
apparent ecliptic motion of the sun ; and, secondly, because 
of the obliquity of the ecliptic path with regard to the 
earth's axis and equator. 

86. True or Mban Noon is twelve o*clock, or the exact 
completion of twenty-four hours, as shown by a correct 
time-keeper, the going of which is exactly adjusted to the 
average solar day. Hence, the time as shown by sndi a 
clock, is caQed mean time. 

87. Equation of time is the difference, on any given 
day, between apparent time, as shown by the sun-^tial, and 
mean time, as g^ven by a correct dock. 

That portion of this discrepancy which arises from the obliquitj of 
the ecliptic » is all that can be found by the globe ; and, if this portion 
were the whole, the sun-dial and clock would agree on the equinoctial 
and solstitial days. But, in consequence of the united operation of 
the two causes, (see Def. 85,) the days on which the sun and dock 
agree, are the 15th April, the i6th June, the 1st September, and the 
24th December ; the clock being before the sun by fourteen minutes 
and a half about the 12th February : and after the sun as much as 
sixteen minutes and a quarter, about the 1 st of November. 

88. Lunar Day, is employed by some authors to desig- 
nate the period elapsing between two consecutive times of 
any semi-meridian's coinciding with the moon ; and is of 
the average length of 24 hours, 50 minutes, 48 seconds. 

It consists of the sidereal day, or rotation of our meridian, and 
that additional portion ot time which we occupy in passing, by the 
earth's rotation, from the plane in which we last left the moon, to 
coincide with the plane into which she has shifted, by performing a 
part of her monthly eastward revolution around us. 

89. Aspect of a planet or star, is its apparent situation 
with regard to another planet or star. 

Aspects are marked as under : — 

C^ Conjunction, or in the same sign and degree of Longitude. 

^ Opposition, or in the exactly opposite sign and degree. 

A Trine, or one third of the ecliptic, or four signs apart. 

a Quartile, or one quarter of the ecliptic, or three signs apart. 

^ Sextile, or one sixth of the ecliptic, or two signs apart. 

N.B. — The Conjunction or Opposition of the moon, i. e., her being 
new or full, is called her Syzygy ,- and her Quartile Aspect, as when 
she is '* half -moon,'' her Qtiadfra/«re. 
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90. DiBBCT, & planet's motion in the Zodiac is said to 
be direct when, as we view it night by night, it is going 
eastward like the moon ; or according to the order of the 
signs. 

91. Retrograde. A planet's motion in the Zodiac is 
said to be retrograde when it appears to go contrary to the 
order of the signs. 

92. Stationary. A planet is said to be stationary, 
when, in consequence of the earth's position and motion, 
as combined with its own, it appears for some time in the 
same point of the heavens. 

93. Nodes. Are the two points at which the orbit, or 
path, of one planet, intersects the orbit of another planet. 
With reference to the plane of our orbit or ecliptic, that 
point at which the planet crosses to come nordiward, is 
called its ascending node, and is marked thus Q ; and the 
point at which it is going southward, or its descending 
node, thus y. 

An imag^nEiry line joining these points, and thus being in the plane 
of both orbits and passing through the centre of the son, is called 
the Line of the Nodet. 

94. Apogee, (aro, from, and yi?, the earth.) That point 
in the elliptical orbit of the moon, which is most distant 
from the earth. 

95. Perigee, (irtpi, near, and 717, the earth.) That point 
in the orbit of the moon at which she makes her nearest 
approach to the earth. 

96. Perihelion, (rept, and tiXm, the sun.) The nearest 
approach of a planet to the sun* 

97. Aphelion, (cnrw, and 7i\tost the sun.) That point in 
the elliptical orbit of a planet which is most distant from 
the sun. 

Perijove and Apqjove, Perisaiumium and Apcsatumiumt are em- 
ployed with reference to the satellites of Jupiter and Saturh. 

98. Apsis, (plural Apses or Apsides,) are the points of 
greatest and least distance of a planet from its primary, or 
the body around which it revolves. Thus the Perihelion 
or the Perigee is called the lower Apsis, and the Aphdion 
or the Apogee, the higher Apsis ; and an imaginary line 
joining these extreme points, is called " the line of the Apses, 
or Apsides," 
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09. GxocBNTBic place of a planet, is the positioii in 
which it would appear if viewed from the centre of the 
earth. 

100. Hbliocbntric place of a planet, is the position in 
which it would appear if viewed from the sun's centre. 

101. Elongation is a term employed to denote the 
apparent distance, in degrees of the sky, between an in- 
ferior planet and the sun. Our separation from Mercury 
18 such as to cause his distance from the sun of 36 millions 
of miles, to appear to be 29 degrees of our sky, when his 
position renders that distance most visible to us. The 
greatest elongation of Venus is 47 degrees. 

Let S be the sun and E 
the earth; then M and V 
may represent Mercury and 
Venus at their greatest elon- 
gations of 29° and 47^'. By 
referring to P on p. 19, the 
pupil will understand, that 
taking the orbits to be as 
drawn, circular,* the triangle 
S y E is right-angled at V ; 
and S V (the distance of 
Venus from the sun,) must 
bear the same relation to S 
E, (the distance of the sun 
from our earth, which is 
\xA known to be 95 millions of 
miles,) that the nne of 47° 
bears to radiu9> The dis- 
tance S V is, accordingly, 68 millions ; and S M (that of Mercury) 
from the same considerations, 36 millions of miles. 

The Phases (H, C, and G,) of Venus in our sky, as she varies her 
positions, h, c, and g, in her orhit, may perhaps be understood from 
the diagram. She is most brilliant whezi. she appears, through the 
telescope, of the crescent form, (C) because of her being nearer to us, 
as (c) ; and consequently giving light from a portion of a disc of 
much greater diameter. 

102. Phasb, (tjMurts, an appearance,) is a term applied 
to the changes of appearance of the discs of the moon and 
other planets. 

As not more than half of the sur&ce of any planet can 
be enlightened at once by the sun* beams, it is evident* that 
our position with regard to that half-surfiace must determine 
the extent of it which is visible to us. 

• They are nearly circular. 
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Remark, — ^The moon revolves eastward, completelyroimd 
the earth, in a portion of time during which the sun changes 
his apparent place comparatively Uttle; and hence, at one 
time, presents towards us the whole of the light she reflects 
from him; at another time, no portion of it. The same phases 
result from the varying positions of the discs of the two in- 
ferior planets, when viewed in those positions hy the telescope. 

Mercury and Venus, performing their orhits around tiie 
sun within the compass of our own circuit, like the moon 
are alternately presenting towards us the whole of their 
enlightened sides, and various portions of those parts of 
their surfaces from which the sun-beams are absent.* 
With respect to the first superior planet. Mars, we must 
remember, that as he performs his circuit at a distance 
beyond us, half as great as our own whole distance from 
the sun, (and thus beholds our orbit at nearly 500 
millions of miles from him) ; our greatest elongation, or 
utmost remove from the sim in his sky, is only about 48 
degrees ; and our earth must, necessarily, rise and set to 
him like Venus to ourselves : in other words, that we can 
never spend much time in his night-sky : accordingly, we 
find that a large proportion of his enlightened disc, or day 
hemisphere, is viewed through our telescopes. He is some- 
times roimd, and sometimes gibbous like our moon when 
within two days of being full ; but never homed, or even 
halved, like that satellite, or like Venus or Mercury. 

The pupil is now prepared to answer a difliculty which 
may have arisen in his mind ; viz.. Why the discs of Jupi- 
ter and Saturn, and of their satellites, are always complete ? 
At the vast distance of Jupiter, the apparent size of the 
earth's orbit is so minute, that our greatest elongation 
from the sun is inconsiderable, and our planet almost 
invisible in the sun's rays ; and thus, as that portion of 
Jupiter which is turned towards us is likewise turned 
toward the sun, we constantly see him and his satellites 
without these changes or phases. 

The same remarks apply, a fortiori, to the more distant 
planets, Saturn and Uranus. 

For CosMiCAL, AcHBONTCAL, and Heliacal rising and 
setting, see Precession of the Equinoxes, Index. 

103. Aberratioit, A very slight apparent displace- 

♦ See the foregoing wood-cut. 
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ment of the fixed stars, amounting only to about lAr of a 
degree, occasioned by a want of correspondence in the 
direction of the orbitual motion of the earth, and of the 
motion of the light proceeding from them to the observer. 
(See Light, Index.) 



Days and Hours of different Nations, 

** The recurrence of light and darkness, of comparatiTe warmth and 
cold, of noise and silence, of the actiyity and repose of animals ; the 
rising, mounting, descending, and setting of the sun ; the varying 
colours of the clouds, generally, notwithstanding their variety, marked 
by a daily progression of appearances * * * Man calls each portion 
of time in which this series of appearances and occurrences come 
round, a day : and such a group of particulars are considered as ap- 
pearing or happening in the same day/' — WhewelPs Inductive 
Sciences J Vol. I, p. 112. 

104. Thb Civil Day. The natural day is called the 
dvil day with reference to the mode of its division by 
different nations for civil purposes. The ancient Hebrews 
computed their Civil Day, as the modern Jews do, from 
evening to evening: the compound word ** evening-mom- 
ing," is employed by the prophet Daniel to denote that 
period. This mode of computing the day, as well as 
that of the beginning of the year and of the week, origi- 
nated in the command of Gk)d by Moses, as one means 
of distinguishing them from the neighbouring idolatrous 
nations. It is probable that, Hke the ancient Babylonians, 
Syrians, and Persians, whose chief idol was the sun, they, 
previously to their departure from Egj^t, began their day 
at sun-rising. 

The ancient Athenians began their civil day, like the 
Jews, at simset. This is the practice also of the Chinese, 
and of modem Italy, where the twenty-four hours are 
reckoned in succession.* The modem nations of Europe, 
with this remarkable exception, follow our own method of 
counting the twenty-four hours in two equal portions of 
twelve hours, from midnight to midnight. 

" The natural day commenced with darkness. The darkness and 
the light which succeeded the first chaos, are declared to have con- 
stituted the first day. In the same manner are reckoned the five 



* The rising generation of Italy are now taught the French time. 
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Bncceeding days of the creation * * * The Sabbath, at ita original 
institntion, was a natural day, and when the Sabbath was renewedly 
enjoined upon the Israelites, it was required to be kept as a natural 
day. * From even unto eren shall ye celebrate your Sabbath.*/ ' Lev. 
xxiii. 32. — President Bwight on the Sabbath, 

The same author cites Homer, Hesiod, Ludan, TlbuUus, and several 
others, in proof that a seventh day waa holy to the Greeks, Phoeni- 
cians and Romans, and to barbarous nations who could only have 
received it by tradition from Noah and his family. 

105. Thb Artificial Dat, (or variable period of day- 
light,) the ancient Jews divided at first only into morning, 
evening, and mid-day ; then, probably, into four portions ; 
and afterwards, into twelve parts or " hours ;" the last 
division having been derived from the Babylonians or Chal- 
deans. The sun-dial of Ahaz is mentioned 2 Kings, xx. 

The day-light of the latitude of Judea, varies from a littie more 
than fourteen of our hours to a littie less than ten of them. Hence, 
their eixth hour answering to our noon, their Jint hour, according 
to the time of year, varied from a littie after our six, to a littie before 
our dght o'clock : their third hour varied nearly from our half-past 
eight to our half-past nine o'clock ; and their ninth hour from the 
h^-past two to the half-past three of our afternoon ; the hours being 
of a length corresponding with our own only at the equinoxes* 

The night (although varying with the season of the 
year,) was divided by the Jews, first into three and then 
into four watches ; or the periods assigned to the guards 
of their city and sanctuary. 

The Greeks also derived their mode of computing hours 
from the Babylonians. The Romans adopted it in imita- 
tion of the Grreeks. In Roman families of opulence, a 
slave was in constant attendance on the clepsydra or water- 
dock, to report the hour. " The ancient Romans divided 
the day and night into twelve hours each, coimting from 
the rising to the setting of the sun, (and from the setting 
to the rising,) without distinction of season : their hours 
of the day, tiierefore, (like those of the Jews,) were longer 
than those of the night in summer, and shorter in winter 
^ * * * But, under the emperors, they began to perceive 
that it was inconvenient; and the manner now in use, 
(with us,) of counting the twenty-four hours in two equal 
divisions, from midnight to midnight, was gradually in- 
troduced.*** 



* Sketches of the Domestic Mannera of the Romans, p. 91. 
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] aiiiHu-l The longitudes of Satun 
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Jupiter's Satellites. 



[White, 



MAY. 



I. Sat. Emers. 

D. H. If. 8. 

7 13 4 30 E 
16 9 27 13 E. 
23 11 21 33 E. 
30 13 15 56 E. 



JUNE. 



II. Sat. Im. Em. 

1 14 28 551. 

12 8 38 9 E. 

19 11 13 25 E. 

26 13 48 58 £. 



I. Sat. Emen. 

D. H. If. 8. 

8 9 39 6 £. 
15 11 33 40 E. 



II. Sat. Emen. 
20 10 55 44 E. 



III. Sat. Emers. 
9 14 10 22 B, 



III.SAT.Im.Em. 
14 10 2 54 E. 
21 11 56 33 E. 



JULY. 



I. Sat. Emers. 

D. H. M. 8. 

1 9 51 37 E. 
24 10 4 31 £. 



AUGUST. 

I. Sat. 

No eclipses yi- 
sible at Green- 
wich this month. 



II. Sat. II. Sat. Immers. 



Neither Im. 
nor Em. visible 
at Greenwich 
this month. 



III. Sat. Emers. 



D. H. M. 8. 

23 8 10 58 E. 



III. Sat. 
No eclipses vi. 
sible at Green- 



27 9 57 16 E. wieh diis month. 



I 
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APRIL. 



1 

2 

2 

5 

7 

7 

iO 

16 

17 
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die 

d3> ^inlo.l6M6» 
dD ?inlo.l6'»2l» 

dinf.?01Oh.l5m 

$ in aphelio. 

n $ 04h. o m. 

9 in © 

d D 2^inlo.21>»38». 

$ stationary. 
2O|0enters » o h. 58m. 
20|d}) hinlo.21»'ll'°. 

d$ ? 10h.40m. ? 
39' S. 

$ in aphelio. 

dD $inlo.l6»'21". 
2915}) ?inlo.20»'44"'. 
axes ) 40''-45 

h 's ring $ 18-09 



26 

26 
29 



30 



MAY. 



t d'S> <?inlo.l3h8m. 
3|2^02Oh. 43m. 

4 d <J 3h. om. 

5 $elong.maz.S6^18'. 

W. 

l4Sl>V- inlo.21h9m. 
18 dD hinlo.oh43m. 
18,pa0l2h. 46m. 
2O0entersnl3hl3m. 
27 d? ?oh58m?29'. 

S 
29 dD ?inlo.l7h49m. 

29 dD $inlo.20h55m. 

30 dD ^inlo.8h30m. 



JUNE. 



5 
8 
9 

9 

10 
10 
14 
15 

20 
24 
25 
28 
28 
30 



d 5 ^ 111. 38in., 5 

26' S. 
$ in Q 

,ph019h. 11m. 
^ in perihelTo. 

axes > 41''*47 
hearing. n8-59 
dsup.9 09h.21m. 
dD2^inlo.21°38' 
dD hinlo.2h.49m. 
d? (?15h.l6m.46' 

N. 
0enterB S 2 1 h.48m. 
If. stationary. 
$ in fi 

dl> <Jinlo.2h.25m. 
dl> ^inlo.lS^Sl". 
dl> $inlo.l3M7». 
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Jupiter's Satellites. 



[White. 



THE ECLIPSES OF JUPXTBR*S 8TKLLITES. 



I 



MAY. 



I. Sat. Emers. 

D. H. If. S. 

7 13 4 30 £. 
&c. 

\ "We perceive these oc- 
correncea are given 
'in Astronomical time 
, thikSt the first ahove is 
',eqaaltooiur 4m. SOs. 
(past one in the mom. 
iinKoftheSthday. 



JUNE. 



JULY. 



AUGUST. 



II. Sat< Im. £m. 
The letter I or E, affix- 
ed to the time ijiiven, 
si£:nifies Immenion or 
JSmenion; (see dcf. 
58). 



III. Sat. Emers. 

NB. The IV. Satellite docs 
not enter Japiler'a shadow 
dartng the year 18*0. 



NB. The Conflgurations, or relative positions of 
Jupiter and his Satellites^ at a certain convenient 
hour of every day of every month, (when he is 
visible,) are given, with full explanation, on the 
19th page of the month's events in the Nautical 
Almanac. 
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APRIL. 



2 Moon in conjunction 
! with Mars, 16m. past 
|4 A.M. of the 3d. in 
Istant. 
7|Mercury at his in- 
ferior conjunction, 
t. e., nearly between 
us and the sun, 15m. 
past 10 P.M. 

10 Pallas's quartile as- 
pect, or three signs 
from the sun, 4 p.m. 

16 Mercury in his de 
scending node, or 
crossing the ecliptic 
to make S. latitude. 

30 Saturn's ring. 40^" 
long and 18i\f'' wide. 



I 



MAY. 



5 
11 



20 



Jupiter in opposition 
to the sun at 43m. 
past 8 a.m. of the 
4th instant. 
Mercury at his great- 
est elongation, as a 
morning star. 
Mars in his ascend 
ing node, t. e., cross- 
ing our ecliptic to 
make north latitude. 
Sun enters Gemini 
at 13m. past 1 a.m. 
of the 21 St. 



JUNE. 



Mercury in his as 
cending node. 
8 Saturn in opposition 
11m. past 7 A.M. of 
the 9th, and therefore 
on our meridian at 
midnight. 

Saturn's ring, (41 i" 
long and 18^" wide,) 
this is about its great- 
est apparent opening. 

10 Mercury at his superior 
conjunction, t. e., on 
the other side of the sun. 
^ Themoon in conjunc- 

10 I tion with Jupiter and 

14' I Saturn at the hours 
I'' given. 

24 The Georgian appear- 
ing to have no motion 
among the stars about 
this time. 

25'Venus in her ascending 
node. 



F^ 
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106. Nbbula, (Lat., a mist or fog,) is a tenn applied to 
patches of pale light, of which some are visible to the naked 
eye, and multitudes by means of the telescope. 

Some of these are easily resolvable into stars : others cannot be re- 
soWed by the best telescopes. Thus, the stars of the white speck 
*' PnesepCt'^* in the constellation Cancer, can be separated by an 
ordinary night-glass ; whilst one of simUar appearance to the naked 
eye, in the Girdle of Andromeda/ retains its nebulosity in the most 
powerful instruments. A hazy light surrounds some stars, which are 
on this account termed nebulous. 

107. GALikXT, OB MiLKT Wat, (yoKafyas), isa nebuloiis 
Zone, of unequal width, encircling the celestial sphere, and 
found to derive its light from the myriads of stars which 
compose it. It probably constitutes our firmament, the 
brighter stars of our sky being our nearest neighbours, and 
our sun and its system being situate about midway between 
the confines of this zone. The scattered nebulae seen in 
other portions of the sky, are conceived to constitute 
similar firmaments. 



LIST OF CONSTBLLATIONS. 



The object in introducing a list of Constellations in this 
place, being to facilitate the knowledge of their positions 
on the globe and in the heavens, the author has deviated 
from the arrangements usually made, judging that, with 
the assistance given in the appendix, a catalogue of this 
form is more likely to answer the purpose. (See '* Rhymes 
on the Constellations.") The Signs of the Zodiac have 
already been given separately in Definition 70. 

CONSTBLLATIONS, 

Parts of which coincide with the Equinoctial, with their extents in 

Declination. 
No. of stars. Extent. Remarkable Stan. 

PiKes 1 13 1 ""If *'^*«(''^« J 30 N. to N. I (• ^, ^^ 

{ and western fish) S i string.; 

Cetus 97 The Whale (neck) 10 n. to 24 s. Mencar 2. 



C Kigell,Be. 
u\ telgeuz 1, 



Orion 78 20 n. to 10 s.^ telgeuz 

C Bellatrix 2 
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No. of Stan. Extent. Remarkable Start. 

•Monocero. . . 31 1 J^^^aSS) 1 10 «• to 15 .. 

*Seztans .... 41 The Sextant .. 8 n. to 8 s. 
^ Major . . 95 { JX'f^'t)""'' j si n. to 2 sj ^^n]* 

^^ "»{(Sro^r^e.t)l20..to,2,|gJ?^: 

"»•" Slj^Ba^-C""! SK-tolQ-.l^^^'* 

Serpentariasor )^^^ The Serpent- ^oo *, ♦** qh o 5 R*8 Alha- 
Ophiucus 5 '* i holder (Body) S i gns, 2. 

rnmrosPonia-j ^ 10 n. to' On. 

towski . . . . j 

Aquarius .... 108 1 J^er^«S) | 6 n. to 30 s. Scheat 3. 

CONSTELLATIONS NORTH OF THB EQUINOCTIAL, 

Between east portion of Pitces and the North Pole, are r 

Andromeda .... 66 Mirach 2, Almaach 2. 

Cassiopeia .... 55 Lady in her chair Schedir 3. 

Between the Head of Cetiu and North Pole. 
Aries 66 The Ram aArietis2. 

''rSS"SSLr)!»Th«Tri«.gle 

*Musca 6 The Fly 

"ir V^r } 59 1 "fpe™!^"" ] ^^' 2. Algenib 2. 
*Tarandus .... 10 The Rein- Deer 

Between the Belt of Orion and North Pole, 
m 14 1 ( The Bull (horns } Aldebaran 1, Pleiades, 

Auriga 66 The Waggoner CapeUa 1 . 

*Camelopardalid 58 The Camelopard 

Between Mid-back of Monoceros and North Pole. 
Canis Minor .. 14 The leas Dog .. Procyon 1. 

Gemini 85 The Twins Castor 1, Pollux 2. 

Lynx 44 The Lynx 

Between Head of Hydra and Sejpfans and North Pole. 
Cancer 83 The Crab Acubene 4. 

I^ Major .... 95 The greater Lion { ^^l " ^^ ^"" ' ' 

* Those marked thus (*) are modern constellations. 
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No. of Stan. KCBuurkatale Sten. 

Leo Minor .... S3 The leu Lion 

Uru Migor .... 87 The greater Bear | ^^l^' ^""^ ^' ^^*- 

Between Shoulder of Virffo and North Pole. 
Coma Berenices 43 Berenice's Hair 
Canes Venatici 25 The Honnds . . } p r'.iv^i* 
•CorCaroU .... 3 Charles's Heart J ^^"^ ^*~"* 

Between Beam of Li^a and North Pole. 

Serpens 64 The Serpent 

Bootes 54 Arctnms 1, Mirach 3. 

Corona Borealis 21 1 J^^ ^!'!^^"', \ Alphacca 2. 

Part of Draco. . 80 The Dragon . . Rastaben 2. 

Ursa Minor 24 The less Bear . . Stella Polaris 2, (Pole- star.) 

Between Head of Serpeniarius and North Pole. 

Draco (head of) 80 The Dragon. . . . Rastaben 2. 

Between Aquila and AniinSus and North Pole. 
Delphinns .... 18 The Dolphin 
•YTdpeculaetAn. g^i The Fox and the ) y ^ , 

ser I Goose S 

Lyra 22 TheHarp 

Cygnns 81 The Swan Deneb Adige, or Arided 1. 

Between Head and Urn of Aquarius and North Pole. 
Equnlus (head) 10 The Uttle Horse 
Pegasus(headof) 89 TheFlying Horse Markab 2, Scheat 2. 

«Laoerta 16 The Lizard 

rThe hnsband of'^ 

C meda j 

" The general aspect of the southern circumpolar region, is, in a 
high degree, rich and magnificent, owing to the superior briUiancy 
and larger development of the Milky Way, which, from the constel- 
lation of Orion to that of Antinbos,* is in a blaze of light, strangely 
interrupted, however, with vacant and almost starless patches, espe- 
cially in Scorpio, near a Centauri and the Cross ; while to the north 
it fades away pale and dim, and is, in comparison, hardly traceable.'' 
— Sir John Herschel, 

" As our merry little ship approached the fEu-'famed Cape of Good 
Hope, I often remained on deck after the watch was out, feasting my 
eyes on the sight of constellations known to me before only by name, 
»•♦♦*» t)ig Peacock, with a forehead glowing like Alde- 
baran * * * * the huge ship Argo, ranging across the southern 
heavens, with a star of the first mag nitude flaming in the blade of one 

* t. e. all the southern portion of the Galaxy. 
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of her oars. • • • • Bat of all the Antarctic Constellations, 
the celebrated Southern Cross, is by far the most remarkable * * • 
This constellation, being aboat thirty degrees from the Soath Pole, 
is seen in its whole revolntion ; and accordingly, when off the Cape, 
I have observed it in every stage, from its triumphant erect position, 
between sixty and seventy degrees above the horizon, to that of cdm- 
plete inversion, with the top beneath and almost touching the water.** 
— Captain HalVs FragmentSt 2d. Series, Vol. 2, 

CONSTELLATIONS SOUTH OF THE EQUINOCTIAL^ 

Between Pisces (tail of west Fish) and the South Pole are : 

No. of stars. Remarkable Stars. 

* ApparatusSculp. ") 

toris, (or Prazi. | 

telis,) the tools ^16 

of the Sculptor 

or of PraxitelesJ 
*Phoenix 13 

•Toucan 9 | J^^ American 

i Goose 

Between Head of Cettts and South Pole. 

•Formax Chemica 14 The Furnace 

Eridanus (pt. of) 84 The River Po . . Achemer I. 

•Horologium .. 12 The Clock 

•Reticulus Rhom- ) , « / The Rhomboidal 

boidaUs r (Net 

•Hydros 10 TheWater-snake 

Between Orion and South Pole. 

•Sceptrum 4 The Sceptre 

Lepus 19 The Hare 

•Cela Sculptoria 12 j Tools ^''*^*''''*' 

*Columba Noachi 10 Noah's Dove 

•Equuleus Picto- ) g S The Painter's 

rius S i Easel 

''x."'!^"....}' The sword Fish 

•MonsMeBMB.. 30 5 TheTableMoun- 

i tain 

Between Shoulder of Monoceros and South Pole. 

Canis Major.. 31 The Greater Dog Sirius 1. 

Argo Navis .... 64 The Ship Argo Canopus 1 . 

•Piacis VoLins . . 8 The Flying Fish 

Between Head of Hydra and Sejptana and South Pole. 
Part of Hydra 

*Machina Pneu- 1 o rru a • tj. 

matica ) ^ ^« ^"^ ^"^P 
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Between Hinder Leg of Leo and South Pole. 
No. of Stan. Remarkable Stan. ' 

Crater ^^ { S^.^T'^^^I ! ^" ^- | 

Pa^ of Hydra I 

'Chaflueleon .... 10 The Chameleon 

Between the Shonlder of Virgo and South Pole. 

Conros 9 The Crow .... Algorab 3. 

Part of Hydra 

Centannu .... 35 The Centanr 

♦Crux 6 

^Chamnleon .... 10 The Chameleon 

Between the Beam of Libra and South Pole. 

LnpoB 24 The Wolf 

♦Circinua 4 The Compassea 

^Triangulum An- } ^S'^^ Southern 

strale J^lTriangle 

*Apus, or Avis ? 1 1 > '^^ Bird of 

Indica . . . . ) I Paradise I 

Between West Shoulder of Serpentarhu and South Pole. i 

Scorpio 44 The Scorpion . . Antares 1. i 

*''n;:;?Ja2'^:l 12 Eudid.. square 

Ara 9 The Altar 

♦Octans 43 The Octant 

Between Taurtu Poniatotoski and South Pole. 

♦Scutum Sobieski 8 Sobieeki^s Shield 
Sagittarius 69 The Archer 

CoronaAustralis 12^^^^^^ Southern 
♦Telescopium . . 9 The Telescope 

Between Antiuous and South Pole. 

Sagittarius .... 69 The Archer 

♦Microscopium 10 The Microscope 

♦Indus 12 The Indian 

Pavo 14 The Peacock 

Between Head and Urn of Aquarius and South Pole. 
Capricomus . . 51 The Goat 
Piscis Australis 24 1 J?"^ Southern | Fo^^lhaut 1. 
Grus 13 The Crane 
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ILLUSTRATIVE EXTRACTS 

FBOM CAPTAIK BASIL HALL's FRAGMBNTS OP VOYAGES 

AKD TRAVELS. 

» 

LONGITUDE. 

*' Although it is, uodoubtedly, in the fine-weather regions of the 

globe that the picturesque or poetical beauties of the moon are most 

felt and seen, her highest utility to seamen lies in the tempestuous 

latitudes beyond the tropics. Many a stout-souled mariner's heart 

beats with anxiety and apprehension as he steers his bark round the 

stormy capes which bound Africa and America, or, worse still, into 

the British Channel, before a hard south-wester, and prays for the 

moon to rise. Even to this hour, though many years have passed 

over my head since then, I remember the joyous feeling with which 

1 blessed the coming of her pale light, when my poor ship was 

entangled with icebergs off Cape Horn, in th^ long and dreary nights 

of the Antarctic July.*' — Vol. III. 3rd. Series, p. 255. 

" But the genuine triumph of the moon, after all, consists in her 
power, when duly propitiated, of conducting her votaries round the 
world, and leading them into unknown seas and bays, and far ^m 
land, with as much certainty as if they were sailing close to their 
own shores, familiar to their eyes from infancy." — P. 261. 

*' * The moon is the hand of a great Greenwich clock, seen all over 
the world, with which you compare the chronometer, to see how it 
differs and how it goes. You then compare it with the sun as clock 
of the place. Having by another separate observation determined the 
latitude.* 

*' In practice it is easy to press the moon into our service, and 
make her act as the hand of a Greenwich clock in the sky. The 
moon, as every one knows, moves, like all the planets and satellites, 
from west to east, amongst the stars, and performs the complete cir- 
cuit of the heavens once in every month ; that is to say, she moves 
to the eastward through the heavens at the average rate of about 13 
degrees a day, or somewhat more than half a degree an hour. Thus 
her apparent motion amongst the stars is about one minute of space 
in two minutes of time ; and this, which is a rate of movement dis- 
tinctly perceptible even to the naked eye under some circumstances, 
is always observable with the instruments in use at sea. The con- 
sequence is, that whenever the sky is clear, and the moon up, we can 
ascertain, at any given moment of time, by actual observation, her 
exact place in the heavens relatively to the sun or planets, or stars 
lying in her path. We then refer to the Nautical Almanac, an Ephe- 
mens in which the moon*s place has been previously computed by 
astronomers, and there we discover the Greenwich time at which it 
has been predicted that she will reach the point in the heavens we 
have observed her to occupy, at the moment of ' taking the lunar,* as 
it is called. Having likewise ascertained what was the * ship's time * 
at the same instant, by other observations made on board, we ascer- 
tain their difference by sabtracting one from the other, (precisely as 
in the case of the chronometer), and we arrive at the mfferenoe of 
longitude between the ship and Greenwich.** — P. 266. 
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LATITVOK. 

'* In practice, we have merely to watch till the sun, moon, planets, 
or some one of the namerous bright objects, whose places in the 
heavens have been well ascertained, comes to the meridian of the 
ship ; we then measare, by a sextant,* its altitude or angular elevation 
above the horizon, and having applied to that angle the correction 
due to the star's known distance from the pole, we come at the lati- 
tude required. I need not repeat that, were the star which we observe 
situated actually in the pole, no such correction would be necessary. 
This may be repeated with other stars throughout the night, though 
many navigators content themselves with observing the sun's altitude 
at noon for the latitude. I used always to make my middies deter- 
mine the ship*s latitude in their respective night-watches, and write 
the result on the log-board, as a current matter of duty. 

** The exact moment of noon, it may be thought, is the only one at 
which the sun's altitude ought to be taken for determining the lati- 
tude ; and so in strictness it is. But the change of altitude during 
about half an hour before, or half an hour after noon, is so small, and 
its rate of variation so well known, that if the ship's time, which is 
generally known near enough, be only carefully noted by watch, while 
repeated observations of the sun's altitude are taken, during the 
twenty minutes before and after noon, the latitude may be determined 
with nearly as much precision as if the exact meridian observation had 
been obtained."— P. 270. 

*' I have seldom remained at sea twenty-four consecutive hours, in 
any climate, without obtaining the latitude, if I wished anxiously to 
know the ship's place. 

'* It is very curious, but very true, that the extreme simplicity of the 
methods of ascertaining the latitude at sea, both at night and in the 
day time, compared with the operose and delicate operations neces- 
sary for finding the longitude, give to the longitude an importance 
which it is by no means entitled to claim relatively to the latitude. 
One is exactly as material as the other, with this great difference in 
practice, that if the sky be clear, the latitude may easily be deter- 
mined half-a-dozen times during every hour of the night, whereas the 
longitude by lunars can be gained only when the moon is above the 
horizon, and when she is at a particular age. By the help of a chro- 
nometer, indeed, the longitude may be corrected almost as often as the 
latitude ; and navigators are much too remiss in using stars for the 
purpose of determining their time at ship. If advantage be taken of 
the half hour, or three quarters of an hour, after the sun is well below 
the horizon, or before he rises again in the morning, the altitude of 
stars may be observed with great precision by using the inverting 
telescope of the sextant ; and if during the same period the meridian 
altitude of two or three stars be observed, the ship's place, both in 
latitude and longitude, may be settled very accurately." — P. 272. 

* ** Sextant,'' an instrument with two small reflectors, one of them 
attached to a moveable index, which, being shifted by the hand, is 
contrived to show the angular distance from the horizon, &c., at 
which the reflected star is situated. 
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We were numing for the British Channel before a hard aonth- 
west gale, and it was of considerable importance that we should reach 
some port in England without delay, for we were not only charged 
with despatches, bat were very short of provisions and water. The 
only chronometer I had on board happened not to be very good, and 
the sky had been so completely overcast for more than a wedL before, 
that we conld take no lunars. Thus I felt uncertain of my longitude, 
to the extent of a degree at least ; and all who have tried the experi- 
ment know what a nervous thing it is to run in for the land, in the 
dark, and in stormy weather, when the ship's place is not correctly 
known. But I felt exceedingly loath to lose so magnificent a wind, 
before which we spun along at the rate of ten knots,* under a reefed 
foresail and dose-reefed main-topsail. As long as daylight lasted I 
felt very confident and bold about the matter ; but as the night closed 
in, the doubts and difficulties of the Channel navigation crowded 
round my thoughts, and almost determined me to bring the ship to.l* 
and wait for the dawn. After poring for a long while over the chart, 
however, I satisfied myself that if, by any means, I could be sure of 
keeping in the latitude of 50|^, or within ten or a dozen miles on 
either side of that parallel, I should have dear ground to run over for 
three degrees of longitude at least, greatly within which I felt sure 
that the error of my chronometer must lie. But how was I to deter- 
mine this point wiUi any degree of certainty in such weather ? The 
sky had not showed a patch of blue as large as my hand for several 
days, and though the sun had been seen through the douds occa- 
sionally, we had not succeeded in catching a meridian observation. 

*' In this dilemma I bethought me of the pole-star, proverbially the 
mariner's friend, and having fixed my sextant by the cabin light, at 
the angle about which I knew the latitude must give the altitude of 
the pole, I cast my boat doak over my shoulder, and went on deck. 
There I stationed myself on the larboard^ side of the quarter-deck, 
vrith the instrument sheltered from the rain and spray unaer the doak, 
and grasped in my right hand, while I kept my eye fixed on that part 
of the heavens in which I hoped, at some momentary opening, to 
detect the bright star of my night's fortunes. I had to wait more 
than an hour before there occurred any thing like a chance, by which 
time my limbs had become cramped and stiffened by the constraint of 
one posture, while my eye ached and throbbed vnth its vain attempts 
to pierce the thick courses of douds sweeping past. 

At last I did get sight of the star, for tt^e or four seconds, and 
though it glimmered so fiuntly through the mist, that it could hardly 
have been identified as Polaris, even by Sir James South himself, I 
knew by its altitude that it must be the object I was watching for. 
The horizon was but a shabby one, indistinctly seen in the dark, and 
hacked.by the topping waves like the Sierra Morena. Nevertheless, 
I succeeded in bringing the star in contact § with the edge of the sea 

* Ten miles per hour. t To cease sailing. 

t The left side. 
§ i. e. , by moving the index of the sextant, and its attached reflector, 
to see the reflected image of the star in the direction of the horizon. 

o 
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in the north, where, fortunately, there chanced at that moment to 
occnr a faint gleam in the lower atmosphere. 

" 1 ran below, read off the angle, computed the latitude, and found 
it not more than twenty miles from what I had expected, and qnite 
enough to keep the ship safe for some hours* run. But as one insu- 
lated observation, made under such circumstances, could not be de- 
pended upon, I hastened on deck again, and presently — that is in less 
than half an hour — caught a second glimpse of my friendly light- 
house* in the sky. The result agreed with that of the first observa- 
tion within ten miles, and of course gave me greater confidence. 

'* Still, as the night was dark, the horizon bad, and the observations 
both to the north, I could not rely upon them to the extent which was 
desirable, I may say indispensable, in running for the Chann^ in such 
a night and at such a rate. So I cast about to fish for a star on the 
southern side of the zenith, and was rejoiced to find that a brilliant 
planet, either Jupiter or Saturn, I forget which, came to the meridian 
before midnight. On deck I went again, sextant in hand, and although 
1 possessed no very certain means of telling * the time at ship,' I 
watched for the planet, and caught it for a moment not very far from 
the meridian, as I knew by the * compass bearing.* With a flashed 
cheek, and hand trembling so that I could scarcely hold the pencil, I 
work^ out the latitude, and found it to differ from the mean of the 
two results by the pole-star rather less than twenty miles. A second 
cast at the planet, after it had passed the meridian a few minutes, 
gave, when properly reduced, a latitude which differed only five or 
six miles from the first. Putting all these observations together, I 
felt quite certain that the ship's path lay within the limits marked 
along the chart as a safe track, and having given orders to shake out 
a reef, pressed forward as fast as masts, yards, and hull wOuld bear. 

*' Tlie ever- welcome dawn at length appeared, and not long after- 
wards I had the infinite satisfaction of discovering from the deck, the 
well-known Lizard Point, with its two light-houses, streaming with 
the night's rain, one above the other, and shining brightly in the 
morning sun.*' — P. 275. 

GULF STREAM. 

'* We had the benefit of a slight drain of current in our favour, 
from being still vnthin the north-western limit of the mighty Gulf 
Stream — that prodigious water-course, the largest in the world, 
which, after sweeping out of the Indian ocean, doublingt the Cape, 
and traversing the whole region of the south-east trade wind, enters 
the gorge between Africa and the Brazils, crosses the Equator, passes 
the Caribbee Islands, and scours the Gulf of Mexico ; then gushes 
off, through a huge sluice, by the Straits of Florida, and, gradually 
expending its gigantic strength as it washes the shores of the United 
States, finally deposits its load — the washings of a hundred seas, and 
of ten thousand rivers — in the shoals of Nantucket, and the well- 
known Banks of Newfoundland.** — Vol. II. 1st. Series, p. 84. 



* The Pole-Star. t i . e. Going round. 
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BFFSCTS OT THE OULF BTBEAM. 

'* When I was mate* of His Majesty's ship Leopard, I was placed 
in charge of the identical ship which carried Jerome Buonaparte and 
his family to Europe, and selected for that purpose from being con- 
sidered the fastest sailer oat of Baltimore. I certainly never saw lo 
perfect a model of a merchant vessel, or one more commodionsly 
fitted up. I was, of course, prodigiously proud of my new and beauti- 
ful command ; but had soon more important matters to attend to in 
the navigation of the ship, the difficulties of which may be easily ex- 
plained. 

" When we parted company from the Leopard, we were within a 
few days* sail of the coast of America, and may then have been a 
hundred leagues or so to the north-westward of Bermuda ; conse- 
quently, still within the influence of the Gulf Stream, already alluded 
to as sweeping, in a north-eastern direction, along the shores of the 
United States. I was ordered to take my pretty charge to Bermuda, 
and proceeded to the southward accordingly. Foul winds, however, 
detained us for several days in the Gulf Stream, for the set of which 
current such an ample allowance was made, that when we reached the 
latitude of Bermuda, 32^ N., it seemed almost certain that we were 
some thirty or forty miles to the westward of the island, that is, be- 
tween it and the coast of America. 

'* From the land of Bermuda being low, it is not easily got sight 
of; and the whole cluster of islands being of small extent, they are 
often missed by navigators steering, as they conceive, directly for 
them. To those, indeed, who are provided with time keepers, there 
is no danger in following this direct method ; for these instruments 
are now so admirably constructed, that an error in longitude which 
would carry a navigator past Bermuda, without seeing it, is, now-a- 
days, very unlikely to occur. Ships, however, which have not the 
advantage of a chronometer, and consequently may not be sure of 
their longitude, generally find it prudent to run into the latitude of 
the island, and then steer along that parallel till they come in sight of 
their object. Most people are probably aware, that the latitude is an 
element in navigation almost at all times very easily determined, at 
least with sufficient accuracy for the purpose now alluded to. llie 
longitude, as every mortal must have heard, is, or rather was, the 
grand stumbling-block in a sailor's way ; and it will readily be under- 
stood, of what essential importance it must be to a ship, when running 
along a parallel of latitude, in search of a mere speck on the ocean, 
like Bermuda, that there should be no mistake as to which side of the 
island she really is upon. For if, in point of fact, the ship shall happen 
to be on the eastern side of the island, but, owing to some error in the 
reckoning, her captain believes that she is on the western side, he will 
naturally steer east along the parallel of latitude, instead of west, as 
he ought, of course, to do ; and thus he will go on increasing his dis- 
tance from the island, instead of shortening it. 

"This cui-ious case was precisely mine. The Gulf Stream, as it 
eventually appeared, had carried us eighty or ninety miles farther to 

^ i« «• Senior Midshipman. 
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the eastward than I had made allowance for, although an ample daily 
aet in that direction was given her.* The superficial velocity of this 
mighty carrent, it seems, is occasionally accelerated or retarded by 
the prevalence of hard gales. At all events, whatever might be the 
canse of this unusual increase in the rate of the stream, it carried me 
so &r beyond my mark, that when I reached the parallel of 32^ N., I 
supposed myself in longitude 65^ W., that is, about forty miles on the 
western or American side of Bermuda. As the wind was blowing 
from the east, of course I struggled hard to beat up against it, from 
supposing that my port lay to windward. It was fortunate this breeze 
was not blowing from the west, as I shall proceed to show." — P* 89. 

'' On the day I reached the latitude of Bermuda (32j| N.), I fancied 
the ship must certainly be on the western side of the island ; the sun, 
however, happened not to be in distance,t as it is called, and, of 
course, no lunars could then be observed. Having, therefore, stiU 
nothing to trust to but the dead reckoning,^ we, of course, continued 
beating all the morning to the eastward, under the full persuasion that 
Bermuda was in the wind's eye, due east of us, instead of being, as it 
really was, due west, on our lee-beam.( 

" As the night approached, the sky became beautifully dear, and 
shortly after sunset I got my sextant to work. Before the twilight 
was ended, and the horizon too faint to admit of the altitudes being 
taken with accuracy, I had observed four or five sets of lunars. No 
time was lost in working out, when, lo and behold 1 the longitude, in- 
stead of being 65^ W., as I made it by dead reckoning, appeared to 
be little more tlum 64 W., or some ninety miles farther to the east- 
ward ; thus showing that, although, as we supposed, we were thirty 
miles from the land, it was on the opposite side of the island from that 
on which we had imagined ourselves to be ! 

** What was now to be done ? For, .although on board the flag 
ship, where the accuracy or inaccuracy of a midshipman's lunars did 
not matter a straw, I had indulged in the usual presumption of &ncy- 
ing myself rather an expert observer, I was now filled with doubt and 
anxiety. All the ordinary allowances for the set of the Gulf Stream 
had already been made, and it was hardly to be conceived that in a 
week or ten days there should have occurred an error of a degree and 
a half. It appeared far more likely that some gross mistake had been 
committed in the figures of the computation, or in my mode of ob- 
serving the lunars, than that such a huge augmentation to the strength 
of the current should have occurred at this particular moment. 

** The American captain, who, like most commanders of ships of 
that class sailing from the United States, was an admirable navigator^ 
and a very shrewd, obliging, and gentlemanlike person, happened to 
be so ill that he could not possibly come on deck, to make observa- 
tions to corroborate mine« But he was able, though in bed, to go 

* t. «. In the daily reckoning. 
t t. e. The moon was not of convenient age. 
X The calculation without astronomical observation, by a considera- 
tion of the wind and the ship's rate of motion. 

§ That part of the ship farther from the wind. 
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orer the computations, the result of which, in his hands, agreed so 
nearly with what I made it, that he, at least, had no doubts of their 
accuracy, and recommended me at once to put the helm up, and steer 
to the westward. I had not confidence enough, however, in my own 
handiwork, for a decision so material to the success of the voyage. 
In short, I could not force my unpractised imagination to conceive 
that an island, which I had so much reason to suppose lay due east 
of me, could possibly be hit upon by steering due west." — P. 94. 

" So, to work I went again, with my observations for the longitude. 
After all the adjustments of the sextant )iad been carefully examined, 
a new gang of lunars was taken, some with the same, and some with 
other stars, but all of them with a degree of attention which, if mea- 
sured by the depth of interest felt in the result, I am not sure I have 
ever bestowed upon any similar course of observation since. Half of 
the distances I gave over to my friend, the captain, to compute, while 
I set about calculating the rest. After a time we exchanged compu- 
tations, without communicating each other's results, tUl all were 
finished, and then we laid them side by side. The agreement amongst 
the whole observations was so near to one another, and corresponded 
also so closely with those taken earlier in the evening, that I could no 
longer have a doubt as to what should be done. About midnight, 
wi£ a throbbing heart, and a mind filled with the most painful 
anxiety, I bore up,* and, as we had a fresh breeze, spanked along 
merrily to the west. It was necessary, of course, in running in such a 
perilous neighbourhood, to keep a very bright look out ; for although 
Bermuda, on its eastern side, is pretty clear of coral reefs, and we 
were quite certain of our latitude, it was not the sort of place Uf 
approach incautiously. When the moon went down, therefore, we 
shortened sail, but continued still slipping along at the rate of four or 
five knots, till morning. 

" When the eastern sky first began to give some fednt promises of 
a dawn, I felt my anxiety mount to a pitch scarcely bearable, and I 
kept peering with the night-glass into the gloom which still hung 
over the horizon in the supposed direction of Bermuda, as if my 
eagerness to see what was hid beyond, could have brushed away the 
night any quicker. When, at last, the day broke, and the well-known 
cliffs of St. David's Head, topped with dark green cedars and lighter- 
tinted orange trees, stood pleasantly up ahead of us, at the distance 
of a league and a half, I could have shouted for joy." — P. 97. 

*' I was not a little amused by finding we had reached the island 
before our own ship,t and, a few days afterwards, I had the satisfec- 
tion of rowing on board to report myself, before she anchored. The 
compliments paid to our success were due, it must be owned, to the 
sextant so opportunely sent to me ; for, unless the dead reckoning 
had been checked by lunar observations, we might have been kept at 
sea a month ; and, as the ship was short of provisions, serious con* 
sequences must have ensued." — P. 100. 



i. e.y altered, and in this case reversed, the ship's coarse, 
t i.e., "The Leopard." 
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PROBLEMS. 

SECTION I. 

BBLATINO TO THB BARTH*8 8UBFACB AXD TO ITS DITTIU^AI. 

ROTATION. 



PROBLEM I. 



TBBBB8TBIAL OLOBB. 



To find the Distance between two Places, 

• Repeat the following definitioiiB : — * 

Circle (F, p. 1) ; Centre (6, p. 1) ; Angle and Degree (L, p. 2) ; 
Globe or Sphere (B, p. 8) ; Great Circle and Small Circle (D, p. 8) ; 
Terrestrial Globe (def. 8) ; Equator (def. 13) ; Brazen Meridian 
(def. 20) ; Quadrant of Altitude (def. 48). 

RuLB. — If the two places be on the Equator, count the 
degrees between them on that line ; if, when one of the 
places is brought to coincide with the graduated sur&ce of 
the Brazen Meridian, the other be likewise cut by it, count 
the degrees of distance between them as shewn by that gra- 
duation. If otherwise, lay the of the Quadrant of Alti- 
tude upon one of the places, and that portion of its gradu- 
ated edge which will coincide with the other place will 
give the degrees of distance. The English miles of distance 
may be found by multiplying the degrees so found by 69^; 
or nearly, and more readily, by multiplying them by 70. 

* The appropriate definitions, &c., are given before the rule of 

each problem. It is desirable that they should be committed to 

memory ; but, in any case, they should be duly considered before 
working the questions of the problem. 
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1 . Plnd the distance in degrees of a great circle be- 
tween Quito and Chatham Island, (Easternmost of the 
Galapagos) ? 

2. Between Quito and the island of Saint Thomas, 
Gulf of Guinea) ? 

3. Between the mouth of the Fish River, or Angra 
Pequena, (S. W. coast of Africa) and Lake Tchad, (of 
Bomou, its interior) ? 

4. Between Land*s End and St. Helena ? 

5. Between Philadelphia and Carthagena, (N. of South 
America) ? 

6. Between Madrid and the Orkneys } 

7. Between Lisbon and Washington, ^ 

Petersburgh and London, I , 
Calcutta and Pekin, S -o v i. ./ ^ 

Cape Chidley. (Labrador) f ^"^^ "^^ •' 
andUpsal, (Sweden) j 

8. Suppose a line to descend to the Earth's centre from 
Port Boysd, Jamaica, and another line to descend to meet 
it, at the Earth's centre, from the Island of Bermuda ; 
what number of degrees would measure the angle made by 
these two straight hnes ? 

9. Suppose a ship in Port Royal, Jamaica, and another 
at the Island of Bermuda ; how far distant, in degrees of 
a great circle, must the two Stars be to which these two 
ships are pointing their masts, at any given instant } 

10. How many degrees in the heavens would the mast 
of a ship describe by its pointing, if it could steadily sail 
by a straight course from the south coast of Owhyhee to 
Otaheite, ^ahiti) ? 



I L . What is the breadth (in English miles) of Africa, 
from Cape Verd to Cape Guardafiii ? 

12. What difference is there in English miles between 
this width of Africa, and the shortest distance between 
London and Jamaica ? 

13. If a star be over my head, at any given instant, at 
Blackheath, how many degrees in the heavens is that star 
separate from it, which is then overhead to my friend at 
Alexandria ? 
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14. How many degrees, also, another star which is ver- 
tical, at the same instant, to other friends on the Nordi 
East shore of Lake Erie ? 

Id. Find the extent of Europe, in English miles, frona 
North Cape (Lapland), to Cape Matapan (theMorea) ? 

16. Suppose the following to he the track of an outward- 
hound East India ship, and that the several portbns of her 
course could he straight lines, how many English mileB 
would she travel ? 

I. From the Lizard Point to Madeira } 
To take in wine, and fruit, and vegetables. 

II. From Madeira to the Canaries ? 

** Shortly after leaving Madeira, a ship may expect to mert the 
Trade Winds." 

III. From the Canaries to the Cape Verd Isles, (t. e. San 
Antonio, the Westernmost) ? 

" On first reaching the Trade-wind, it will be found to blow very 
nearly from due East.'' (But the Southward course, amongst the 
Canaries, and thence to ''the Cape de Verds,'' is easily made with 
this side-wind.) 

IV. From off San Antonio, to that portion of the Equator 
equally distant from Cape Palmas and Cape St. Roque; 
" the opposite shoulders of Africa and South America? " 



i( 



As the ship proceeds southward, (t. e. towards and beyond the 
Cape Verd Isles) the wind draws gradually round from the east to 
nOrth-east, and eventually to the north-northneast, and even to north 
at the southern margin of the north-east Trade -wind." 

V. Thence off Cape St. Roque ? 

" The Equatorial limit* of the Trade-wind varies considerably with 
the season of the year," (being sometimes 3° north of the Equator, 
and sometimes as much as 13° north of it). *' Before reaching * the 
Line/ the Navigator will almost always be met by the south-east 
Trade-wind." * * * "On first encountering the south-east Trade- 

* The interveniog region between the limits of the two Trade- 
wind belts, viz. that of the Northern, and that of the Southern 
Hemisphere, is called by Captain Basil Hall, (whose lively descriptions 
we have quoted above,) " the purgatory of the outward-bound voyage. 
— Calms are met with, and, occasionally, violent tornados, or squalls, 
which, in a moment, tear every rag of canvas from the ship's yards. Fw 
several hours at a time, also, rain falls down in absolute torrents." 
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wind, an outward-bound ship is obliged to tteer much more to the 
westward than she wishes to do, in consequence of the wind blowing 
so directly towards the Equator/' (i. «. so nearly from the south.) 

VI. From Gape St. Roque due southward, until as far 

south as the Cape of Good Hope ? 

" As the ship proceeds onwards» however, and makes a little more 
southing, the wind wiU haul more and more round, from the south 
to south-east ; then east-south-east ; and, erentually to east, at the 
southern limit of the Trade-wind." 

VII. Thence to the Cape of Good Hope ? 

" The g^reat object of an outward-bound ship is to get fu enough 
south,* * — to ensure the westerly winds, which generally prevail for many 
degrees south of the southern Trade- wind belt; as they do northward 
of the northern one. 

VIII. Thence by the Mauritius, and Ceylon, to Madras ? 

" In the Indian Ocean, from about 28® south of the Eqaator to the 
Equator, the S. E. Trade-wind blows pretty constantly ; but, in the 
Arabian Sea, and the Bay of Bengal, there are certain periodical 
winds called MonsootUf which from April till October blow from S. W. { 
and from the N. £. from October till April.'' ^ 



PROBLEM II. 

TERBBSTRIAL GLOBE. 

To find the Latitude of a given place. 

Repeat the following definitions : — 

Equator, (def. 13) ; Poles of a Circle, (F p. 8) ; Poles of the Earth, 
(def. 10) ; Latitude of a Place, (def. 1^ ; Parallels of Latitude, (def.J6) ; 
Divisions of the Brazen Meridian, (def. 21) ; Hemisphere, (def. 3d). 

RuLB. — Let the Globe be so placed, as that the pupil may 
conveniently look over its surface, when standing eastward 
of its South Pole ; which may be a little depressed below 
the point marked " South*' on the wooden Circle which 
supports it. If the proper semicircle of the Brass Meri- 
dian be uppermost, the Northern Hemisphere will now be 

* Riddle's Navigation, p. 291. 
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to the right hand, which must always be used for northern 
places ; the left hand being reserved for southern ones. 

Having thus arranged the Globe, if the given place be 
north, bring it to the Brazen Meridian with the ri^A^ hand ; 
if the given place be south, with the left hand ; and the 
degree coinciding with the place, will be its north or south 
distance from the Equator, or its Latitude. 

N. B. The degrees on the brass meridiaii of a globe of twelve 
inches width are seldom subdivided ; but the pnpil may easily allow 
for half-degrees. On some of the larger globes the degrees are 
lUvided into thirds; on others into quarters. 



1 . Find the latitude of the north point of the Island 
Gilolo, (N. E. of Celebes) ? 

2. Find the latitude of Amboyna, (E. of Celebes) ? 

" At the equator we find the natives of the Spice Islands, the clove 
and nutmeg tree, pepper and mace.*' * 

3. Find the latitude of Trincomalee ? 

" Cinnamon bushes clothe the surface of Ceylon." t 

4. Find the latitude of Mocha ? 

" In Arabia ' the Happy* we find balm, firankincense, and myrrh, 
the coffee-treCi and the tamarind ; but in these countries, (t*. e. of 
such latitude), at least in the plains, the trees which decorate our 
more northerly climes are wanting.'* 

6. Find the latitude of Astracan ? 

''In the thickets to the west of the Caspian Sea, we have the 
apricot, citron, peach, and walnut.** 

6. Latitude of Valencia, Palermo, and Oporto ? 

** In the same latitude, (viz. that of the thickets of the Caspian,) 
in Spain, Sicily, and Italy, we find the dwarf-palm, the cjrpress, the 
chestnut, the cork tree. The orange and lemon trees perfume the 
air with their blossoms. The myrtle and the pomegranate grow wild 
among the rocks.** 

* The quotations in this, and the succeeding Problem, are from 
Whewell*s Bridgewater Treatise. 

t This is not strictly correct. The plant grows wild in the woods ; 
but its cultivation is confined to the S. W. angle, where it covers 
17,000 acres ; and the fragrance is perceptible at a very considenble 
distance firom the shore. 
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7. Latitude of Cape Horn, and of Edinburgh ? 

The general temperatures of the Northern and Southern Hemi- 
spheres differ very considerably. South America, towards its 
souUiem extremity, has a climate scarcely habitable, owing to Uie 
severity of its frosts. 

8. Latitude of Buenos Ayres, of St. Helena, of Mont- 
real, and of Botany Bay ? 

The temperature of a country is always affected by its elevation 
above the sea ; the distribution of the neighbouring sea and land ; 
the height of its mountains ; the nature of its soil, &c. 

9. Latitude of Strasboui^, of London, and of Brussels ? 

'* We cross the Alps, and we find the vegetation which belongs to 
Northern Europe, of which England affords an instance : the oak, 
the beach, the elm. The dm- tree seen in Scotland, and in the north 
of England, is the Wych elm.'* 

10. F^d the latitude of St. Petersbuj^h, and of Main- 
land, (Orkneys) ? 

'* The forests again change their character. In the northern pro- 
vinces of the Russian Empire are found forests of the various species 
of fir : the Scotch and Spruce firs, and the larch. • • • * • 
In the Orkneys no tree is found but the hazel, which occurs again 
on the northern shores of the Baltic." 

1 1 . Find the latitude of Tomea, and of Stockholm ? 

** The * hoary,' or cold alder, makes its appearance north of Stock- 
holm. The sycamore and the mountain ash accompany us to the head 
of the Gulf of Bothnia.*' 

12. Find the latitude of North Cape, Iceland, and of 
North Cape, Lapland ? 

" Near to, or within the Arctic Circle, we yet find wild flowers of 
great beauty : the mezereum, the yellow and white water-lily, and the 
European globe-flower. When tiiese fail us the Reindeer-moss still 
makes the country habitable for animals and man." 

The finest pastures of Iceland are said to be in the northern parts 
of the island. 

13. Find the latitude of the Falkland Islands, (eastern 
point), and contrast its distance from the equator with that 
of London ? 

Such was the inhospitable nature of the climate of the Falkland 
Isles some years ago, that they were totally unfitted for the habitation 
of man. A mere bog, with mountains beaten with almost perpetual 
storms. 



79 PROBLBMS. 



PROBLEM III. 

TBBRB8TBIA.L OIiOBB. 

To find the Difference of Latitude of two places. 

Repeat the Definitions given for Problem II. Repeat 
also, Zones, def. 71. 

Rule. — If both places be in the same hemisphere, sab- 
tract the less latitude from the greater. If one be in the 
northern and the other in the southern hemisphere, the sum 
of their latitudes is the difference required. 



** The cultivated vegetables wliich form the necessaries or laxnries 
of human life, are each confined within limits, narrow, when compared 
with the whole surface of the earth ; yet, almost every part of the 
earth's surface is capable of being abundantly covered wiUi one kind 
or other of these. When one class fails, another appears in its place. 
Thus com, wine, and oil, have each its boundaries.*' 

1 . Find the difference of latitude between Dublin and 
Lassa ? (N.B. Both places north,) 

<< Wheat extends through the old Continent from England to 
Thibet ; but it stops soon in going northwards, and is not found to 
succeed in the west of Scotland . Nor does it thrive better in the 
Torrid Zone than in the polar regions. Within the Torrid Zone, 
wheat, barley, and oats, are not cultivated, excepting in situations 
considerably elevated." 

2. Difference of Latitude between Teneriffe and Bour- 

deaux. Bourdeaux and the Cape of (rood Hope. (N.B. One 

place north, and the other south.) 

** In both hemispheres, the profitable culture of the vine ceases 
within 30^ of the Equator ; unless in elevated situations, or in islands, 
as Teneriffe.*' 

3. Difference of latitude between Charleston (South 
Carolina,) and Turin — Between Genoa and S. Point of 
Java — Between Cape St. Mary (S. Point of Madagascar,) 
and Bencoolen. 
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" In the noiih of Italy, west of Milan, we first meet with the cul- 

tivation of rice. Rice extends all over the southern part of Asia, 

wherever the land can be, at pleasnre, covered with water. In great 
part of Africa millet is one of the principal kinds of grain." 

4. Plnd the difference of latitude between HalifJeuL 
(Virginia), and the mouth of the Volga. 

Between Rio Janeiro and the north point of Niphon 
(Japan). 

** Cotton is cultivated to latitude 40 in the new world, but extends 
to Astracan in latitude 46 in the old.** 

For the same products we must search several degrees nearer to 
the Equator in the American Continent than in the Old World. This 
is owing to the difference of temperature alone, the soil of America 
being naturally as rich as that of any portion of the earth. 

5. Find the difference of latitude between Canton and 
Nankin. 

The tea plant is seldom cultivated farther north than the 30th de- 
gree of latitude ; and thrives best between that and the Torrid Zone. 

6. Plnd the difference of latitude between Manilla (Lu- 
zon, of the Philippines,) and Owbyhee. 

Between N. of Owbyhee and the southernmost of the 
Feejee Islands. 

The bread-fruit tree first appears in the Manillas, and '' thence 
extends its benefits through innumerable islands in the Indian and 
Pacific Oceans.*' 

7» Find the difference of latitude between Delhi and 
Cayenne. 

Between tbe south point of Florida and Port Royal. 
Jamaica. 



i< 



The sugar cane, the plantain, the mulberry, the betel nut, the in- 
digo tree, the tea tree, repay the labours of the cultivators in India 
and China, and several of these plants have been transferred with 
success to America and the West Indies.** 



11 
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PROBLEM IV. 



CELESTIAL AND TBBRB8TBIAL GLOBES. 

To find the Declination of a given Star, and the places whch 
pass directly underneath it, as the earth rotates. 

Repeat the following : — 

Celestial Globe, (def. 11) ; Fixed Stare, (def. 4) ; Constellations, 
(def. 6) ; Greek Alphabet, (page 24) ; Equinoctial, (def. 14); Dedi- 
nation, (def. 17) ; Read over ** Rhymes on the Constellations," 
(Appendix). 

Rule. — Bring the given star to the upper semicircle of 
the brass meridian of the celestial globe, and the degree 
coinciding with the star will show its north or south 
declination. 

Place the thumb-nail (of the right or left hand accord- 
ingly, see Prob. II.) upon that pc^ of the brass meridian 
of the terrestrial globe which agrees in number and position 
with the declination of the star ; and cause this model of 
our earth to rotate toward you, as you stand eastward of 
its south pole. The places which pass under the thumb- 
nail will be those daily passing under the given star, which, 
on this account, is said to culminate vertically. 



1. Find the declination of " Castor/* (a of Gemini); and 
note down some of the principal places which daily pass 
exactly underneath it. 

Answer. 32^^ north declination. Places, Nankin, (nearly,) La' 
hore, Ispahan, &c., &c. 

2. Find the declination of '« Rigel," (jB in the heel o( 
Orion) ; and name any particular islands, and other places, 
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to the inhabitants of which it a|q>ean to pass vertically, or 

nearly vertically. 

3. Find the decliuatian of I of Orion, and the places that 

daily have it in their zenith. 

Also 7 of Virgo ditto 

a of Bootes, (" Arcturus") . ditto 

a of Cania Major (" Sinus") . . ditto 

B of Perseos (■■ Algol") . . ditto 

Brightest of the Reiadea (m TauroB) ditto 

7 of Crux (near the South Pole) . ditto 

aofUtsaMinor ("Pole Star") . ditto 

aof Scorpio ("Autares") . ditto 



PROBLEM V. 




Remark. — Every heavenly body, at any instant of time, 
sheds its direct beams over an exact hidf of our eorth'r 
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surface ; and, in the absence of overpowering rays, (at of 
the sun or moon,) may be seen, in dear wither, by all 
the inbabitants of that half-surface. 

But the latitudes of the regions contained in that batf- 
surface, will depend ■ upon the heavenly body's declination. 
Thus, whilst a star, which, like 9 of Orion, is in the Equi- 
noctial (t. e., without declination, and therefore vertical to 
our Equator,) sheds its beams from pole to pole, and is 
viewed in all latitudes ; the beams of a star situated north- 
ward of the Equinoctial, (as Arcturus 20° N.D., drawn 
in the preceding figure,) must fall short of the south pole to 
an extent equal to its north declination ; and accoidinglyi be 
perpetually invisible to the inhabitants of a certain southern 
portion of our globe. 

But, for the same reason, the beams of that star will 
shine over the north pole, (see " T (terminator) of Arctu- 
rus*' in the figure,) and can never be absent from a corre- 
sponding region of the northern hemisphere. 

The same remarks apply, vice versd, to stars having sooth 
declination ; such as Fomalhaut, (see figure.) 



TEBRXSTBIAL GLOBE. 

The declination of a star, SfC, being given, (or the latittif 
in which it culminates vertically,) to find to what places it if 
constantly above the horizon, and where it cannot rise. 

Repeat the following : — 

Terminator, (def. 30) ; *« Rhymes on the Constellations,*' ai 
yerses, (Appendix) ; Read « Double Stars,*' (see Index) ; '* Variable 
Stars,** (see Index). 

RuLB. — Elevate the pole to the star's declination ; or» 
which is the same thing, to the latitude in which it culmi- 
nates vertically ; and the wooden circle of the globe will then 
represent the terminator, or constant boundary of that 
star's beams.* 

Cause the globe to rotate (eastward) on its axis, and it 

* It wiU be nsefol to rest a small coin, as a foorpenny-piece, vpoa 
the brazen meridian, with its centre coinciding with the dedinatioo. 
to represent the star. 
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will be seen that all places not more distant from the 
elevated pole than the given star is from the equinoctial* 
cannot lose its rays ; whilst those within a corresponding 
distance of the other pole, cannot receive them. Note 
down those places. 



1. Find those places to which the following stars never 
rise, and those places also where they are perpetually above 
the horizon. 

a of Eridanus, " Achemar/' (between the body of the 
Whale and the South Pole), 58° S. D. 

Hero, elevating the South Pole 58®, the wooden circle of the globe 
reprosents the terminator or boundary of the latitudes which the star'a 
rays can reach, and I find by turning the globe, that whilst this star 
is always above the horizon of the souUiem portions of Africa, America, 
and New Holland, and of the whole of New Zealand, &c., it is not 
seen from the extreme north of Africa and Arabia ; and is, of course, 
always absent from all Europe and the greater part of North America 
and Asia. 

a of the Southern Fish, "Fomalhaut," (near 1 „^x q n 
the tail of Cetus) jsuf i>.u. 

$ of Perseus, ** Algol" (in the head of Medusa) 40 N. D. 

« of Cetus i S. D. 

a of Lyra (" Vega") .... 384N.D. 
/8 of Orion ("Rigel") . . . . 8| S. D. 
a of Crux 62f S. D. 

2. How far over the North Pole can the rays of Capella, 
(3 of Auriga, N. D. 45f ,) diffuse themselves ; and at what 
places can Capella never be seen to set ? 

3. How far short of the South Pole do Capella's rays 
reach; and from what places on our earth can CapeUa 
never be viewed ? 

4. If the Pole-star (« of Ursa Minor,) were exactly at 
the Polar point, from which part* of our earth would it 
never be seen ? 

5. The Pole-star is about 1^^ from the Polar point, or has 
a little less than SS° 27' of north declination : at what places, 
therefore, is it some time above the horizon, (although only 
at a little elevation,) besides those north of the Equator ? 

* t. e. disregarding the effects of refraction. 

H 2 
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PROBLEM VI. 

TERRESTRIAL GLOBE. 

Having the declination of a star, and the place to which it 
is appearing to pass vertically, to find all those places to w^h 
it is at that instant rising ; and what portion of the time of 
each diurnal rotation of our earth, certain of these placet 
severally spend in that starts beams. 

Repeat the following : — 

Diurnal Arc, (def. 33) ; Planets, (def. 1) ; Hour Circle, (def. 25) ; 
Sidereal day, (def. 83) ; Learn remaining Tersea of " Rhymes on the 
Constellations,*' (Appendix.) 

Rule 1 . Elevate the pole to the latitude in which the 
star is vertical, or, which is the same things to the declina- 
tion of the star ; and hriug the given place at which the 
star is vertical to the brass meridian. Then, the places 
along the western edge of the terminator will be those 
which are rising into that star's Hght. 

2. Set the Index* of the hour circle to the time of the 
place at which the star is vertical, and give the glohe 
its eastward rotation. It will be found that if the star he 
of the northern hemisphere, the southernmost place will 
first arrive at the eastern edge of the terminator ; but tiiat 
if the star be a southern one, that place most northern will 
first set out of its beams. Count the hoursf elapsed, as 
each place arrives at the eastern edge of the terminator, and 
record them. 



1. Each day, at the instant that Capella is vertical at 
Venice, I find that the cities of Mexico and Quito, St. Vin- 



• If the hour-circle be nnder the brass meridian, it is to be turned 
until the graduated edge of the brass meridian cuts the hour. 

t The hours must be counted, especially if the hour-circle hate 
only one row of figures. 
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cent; (near ^e bay of tihe Virgin, N. of California,) and 
tlie Isk of St. Francisco, (north of the I&land of St. Ca- 
tiieriiuu east coast of South America,) are rising into its 
heams. Supposing it to be 10 o'clock at Venice, in how 
many hours, from that time, will these several places set 
out of CapeUa*s beams ? 

Here, deTatiiig the North Pole to 46k'', (L «* to the latitude of 
Venice), I bring Venice to the brasi roeridian, and let the hour circle 
to 10, the time grren : All plaoefl now above the wooden circle, or 
temunator, have Capeila aboTe the horison. Keeping the glebe 
steady, I seek along the western edge of the terminator, and note 
down, die principal places rising into Capella*8 light, of which places, 
it is evident, that since Capeila is a northern star, St, FrancUeOt the 
plaee most south, will first have passed through its beams. Next, 
taming the globe eastward, 1 find tnat when St. Francisco has arrWed 
at the eastern ed§^ of the terminator, to have Capeila setting in the 
west, the index hta traversed about 7| hours ; but that Quito is not 
in this condition until about 12 hours have passed — Mexico, after 
somewhat more time— St. Vincent, California, after much mora 
time, &c These portions of time are to be given. 

2. [June 20th, 12 at night], 7 of Draco, (Etanin) 51 4® 
N. D. is vertical at Blackheath : What places are at that 
instant rising into its rays; and of these places, what 
several portions of time do Chatham Isle (one of the Gala- 
pagos), Cuzco (Peru), the Island of St. Gatherina, and the 
Iskind of Tristan de Conha, daily spend in those rays ? 

3. On 25th March, *' Antares*' (a of Scorpio) is ver-' 
tical to Cape St. Mary (S. point of Madagascar) » at 11 
o'clock at night : to what places is it rising ; and of these 
places, how long will the following, severally, have it above 
their horizon ? viz. Anglesea, St. Mary*s (East I. of the 
Azores), and the south point of the Island of Chiloe (S. of 
ChiH). 

4. When S of Orion*s Girdle is vertical to the Gala- 
pagos at a certain hour, (say 1 o'clock in the morning), 
it is rising to the following places : — ^Tanaga, (one of ^e 
Aleouskie Islands); Isle of St. Pierre, (11° N. lat.); the 
Feejee Islands ; Cape £. New Zealand : How much of the 
sidereal day do they severally spend in its beams ? 

5. On 3rd May, 1840, the beautiful planet Jupiter will 
be in the zenith of any place 1 5° south when it is midnight 
at that place. What places will be rising into its beams 
when it is vertical just north-east of Otaheite; and of 
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these places, how long wOl the followmg vcnaStj con- 
tinue in his light ? vis. Cape Elizabedi, (the N. point of 
Saghalien,) Great Lekeyo, (Loo Choo Isles) ; N. £. point 
of Celebes, (adjoining the Sea of Cdebes); and Sandy P(Hnt, 
or north-west Cape, (westernmost of New Holland). 

6. When y of " Crux" is vertical to Cwpe Horn, SSOi 
Sept. at noon, or on any other day at any odier time, it is 
rising to the following places : — Savannah lUver ; Baj of 
St. Magdalena, (S. W. of California) ; Cfazistmas hie, (a 
little north of the Equator) ; the principal of the Feqees; 
Erronan, or Erromango,'*' (south Island of the New He- 
brides) ; Glass-HouseBay, (New Holland) ; Nuyt*s Islands, 
(S. coast of New Holland). What are the diunial arcs of 
this star at these several places } 



PROBLEM VII. 



'1 

■■ 



Remark, — It is hoped that the pupil will now have per 
ceived, that what is called the "rising" and "setting" d 
a heavenly body, and its daily westward course, are occa- 
sioned solely by the eastward revolution of our earth about 
its axis. The portion of time occupied by this apparentlf 
westward passage of a heavenly body, and which is called, 
its " Diurnal Arc," varying in any certain latitude with tl% 
declination of the star ; or, in the case of any certain starj^^, 
with the latitude of the place ; but being, invariably, l^^^i 
hours for every star to the inhabitants of the Equator, and 
twelve hours at every place if the star is in the Equinoctial. 
The apparent altitude of any heavenly body, or its eleva«« 
tion above the horizon of any place, at any certain time 
after its rising, is, in like manner, dependent upon latitude . 
and declination ; and, corresponding exactly with the eketA, | 
tion of that place in its light, may thus be found for anf. 






* It was by the inhabitants of this island, that the devoted Mil|^te 
sionary, Williams, was killed, 22nd November, 1839« i^ 
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hour by the Terrestrial Globe, if the time of the starV 
rising, &c., be known. 

TERRESTRIAL GLOBE. 

Having the declination of a star, to find at what altitude 
the star appears to the inhabitants of a given place, after the 
lapse of a certain portion of time from its rising. 

Repeat the following :— 

Complement, (N p. 2) ; Sensible Hori2on, (def. 27) ; Rational 
HorUoD. (def. 28) ; Zenith distance, (def. 40) ; Altitude, (def. 44) ; 
Repeat " Rhymes on the Constellations,'* (Appendix). 

Rule. — ^Blevate the pole to the North or South declina* 
tion of the star, to exhibit the latitudes of the surftice 
vhicb rise into its light : bring the given place to coincide 
^th the western edge of the terminator, and set the index 
of the hour circle to any hour, as a mark. Next, turn the 
globe eastward until the index have passed over the portion 
of time given ; and the elevation of the proposed place above 
tbe terminator, will be the altitude at which the star appears 
above the horizon. - Find these degrees of elevation, by 
Attaching the quadrant of altitude to the declination of the 
star in the zenith of the brass meridian, and making its 
graduated edge pass across the place. 

Since the quadrant of altitude is thus attached to the zenith of the 
place where the star is vertical, its pivot may represent the star ; and 
^e number of degrees between this pivot and the given place, shows 
^ zenith distance of the star. 



1. At what altitude does Arcturus (Dec. 20, N.) appear 
>^Te the horizon of London, an hour and a half after it 
iaa risen ? 

Here elevatmg the North pole 20', I bring London to the western 
^of the terminator ; then, setting the hour-circle and turning the 
S^obe until the index has traversed 1} hour, I find by the quadrant 
tnat London is — degrees above the terminator. 
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2. At what altitude does this star appear at Barbadoes 
3 hours after rising, and 9 hours after rising ? 

At Cape Hom"^ 2 hours after rising ? 
At S. point of Iceland 9 hours after rising ? 

3. What is the altitude of Rigel, in the heel of Orion. 
(8| S.) 4 hours after rising at Bkckheath ; and what its 
altitude when it has been above the horizon 9 hours at that 
place? 

4. When Sinus (a of Cams Major, 164 S.) has been 
above the horizon \\ hours at the several places following, 
at what altitudes will it appear: London — ^Edinburgh — 
Jamaica, (Kingston) — Otaheite — Buenos Ayres — Cape o£ 
Grood Hope ? 

5. At what elevation does a of Lyra, (38| N.) appear 
after it has been above the horizon of Madrid 3| hours, 
and 14 hours : Cape £ast» New Zealand, 2 hours, and 5 
hours; Owhyhee, (N. point of) 5 hours; Pekin, 9 
hours, and 14 hours ? 



PROBLEM VIII. 



CELESTIAL GLOBE. 



A certain star being in the zenith of a certain place, to 
find the amplitude of any stars rising or setting there ; and 
the azimuth, at that instant, of any stars that may then be 
above the horizon. 

Repeat the following : — 

Zenith, (def. 38) ; Nadir, (def. 39) ; Amptitade, (def. 46) ; An- 
iniith, (def. 45) ; Compaas, (def. 36) ; Variation of the Compass, 
(def. 37). 

Rule 1. Elevate the North or South Pole, according 
to the latitude of the place ; or, which is the same things 
according to the declination of the star passing vertically. 

— ^^^^■^.^^^■^■^■^■■^^i* ■■■■■■■ ■ I ^.1 ^1 ■!■■ m ^ ■■■■■■■■! ■ — ■■ I I ■ ■ B^^— ^^^^^^^M I 

* Cape Horn is the south point of an ialancL 
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2. Bring the given star* to the brass meridiani and it 
will now be in the zenith ; and the innennost circle of 
figures on the wooden horizon, will show the degrees of 
amplitude from the east or west at which any star is found 
at its rising or setting in that latitude. 

3. For the azimuth, attach the quadrant to the meridian 
so that the bevelled edge of its nut may coincide with the 
zenith and the star ; then the graduated edge, made to pass 
through any proposed star, will cut the horizon at its azi- 
muth or bearing from the north or south, as shown by the 
second circle of figures. 



1. At Cape Comorin (S. of Hindostan), on a certain 
night, when a of Aquila (" Altair'* 8^ north dec.) is in the 
zenith, what is the amplitude, or distance from the east, of 
a of Aries, then just rising ; and what the azimuth, or 
bearing from the south of " Fomalhaut*' (a of the Southern 
Fish), which had risen more than two hours before } 

Here, elevating the N. Pole 8°, and bringing Altair to the brazen 
meridian, and consequently to the zenith, I find that a of Aries is 
rising 22|° N. of E. ; and by affixing the quadrant to the zenidi, I find 
that its graduated edge cuts Fomalhaut in azimuth — ° S. towards £. 
as shown by the marking on the horizon. 

2. What also, at that instant, was the azimuth or bear- 
ing from the north, of Arcturus, then within three quarters 
of an hour of its setting ? 

3. At Blackheath, (lat. 51^°) I observed 7 of Draco 
("Etanin") vertical: What was the amplitude of $ (in the 
west shoulder of Virgo,) then just setting ; and what, at 
that instant, was the azimuth of the following stars : — 

" Antares," (a of Scorpio) 1 g ^^^^^ ^ 

" Arcturus," (a of Bootes) / 

fi of UrsaMajor, (one of "the Pointers*') N. towardsW. 

*« Schedir," (a of Cassiopeia) N. towards E. 

" Markab," (a of Pegasus) S. towards E. 

* The pupil must remember that the rotation of the Terrestrial 
Globe, representing the rotation of our earth, and being eastward, 
that of the Celestial Globe, a representation of reversed motion 
apparent only in consequence of the earth's rotation, must be inva- 
nably w€itward» 
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4. At sea, near the Marquesas (lat. 10 S.)* when the 
brilliant 8tar» a of Virgo, was passing in my zenith, I ob- 
served that •' Canopus,*' (a of Argo Navis) and " Pollux," 
(fi of Gemini) were both setting : what are their several 
amplitudes there ; and what, also, is that of (a of Lyra), 
*' Vega," which then had just risen between north and 
east? 

5. At the Cape of Good Hope, (lat. 34^ S.) on the 
evening of the same date, but some hours before, my friend 
likewise had watched the rising of a of Lyra and the 
setting of Canopus and Pollux, in order to ascertain the 
variation of the compass there : what were their ampli- 
tudes at his station ? 

6. And what amplitudes have those stars at Buenos 
Ayres : and what azimuth, when a of Lyra is rising, have 
any stars of the Ist magnitude which are above the horizon 
at that place ? 



PROBLEM IX. 



Remark, — It has been explained (def. 36). that the 
Mariner s Compass is a representation of the sensible 
horizon, and that its 32 points are graduations in degrees 
of this horizon : what is called the " bearing*' of one 
place from another, is its situation with regard to the 
horizon of the latter place as indicated by these compass 
points. 

But since the horizon is a plane (D p. 1), and the 
earth's surface convex, the true bearing of any place situ- 
ated considerably beyond my horizon is not shown by the 
compass, unless the place be on the same meridian semi- 
circle : t. e, \mless it lie due North, or due South ; for the 
same reason that the leaf of this book, or any sheet of 
paper, cannot be made to coincide with the convex surface 
of the globe. 

Suppose an individual to travel duly west from London, 
follovring the pointing of his compass card, (corrected for 
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TBziation) :-— as he constantly changed his horizon he would 
as constantly keep the same angle, or hearing, with every 
meridian he crossed, and thus truly trace out our parallel of 
latitude. For a certain distance he would he apparently, 
as well as really, west of me ; but, prosecuting his way 
half round that parallel, he would arrive at the Fox Islands 
(on the opposite meridian), and to point out his station, I 
must direct my finger duly north. Hence, any distant place 
having apparent position toward our west, must lie con- 
siderably south of his station, or of our parallel. The 
Gralapagos themselves, (situated on the Equator), have due 
west for their apparent bearing. 

On some globes, but few, the true bearing of places 
is traced by means of rhumb-lines ; a kind of spiral curves,* 
which accommodate themselves to the sensible horizons 
of the various places through which they pass by making 
equal angles with their meridians, like the course of a tra- 
veller continuaUy guided by his compass. 

Note. — Since the earth is but a point when considered with the 
celestial sphere, and our sensible horizon therefore corresponding 
with the rational one in the sky, (See B, p. 10), the compass, which 
describes bearings on the one circle, serves to describe them on the 
other ; and the azimuth or bearing of any star in the sphere, (being 
reckoned on the rational horizon), coincides, at any instant, with the 
apparent bearing of the place in the zenith of which it is shining. — 
(See the next two Problems). 

TERRESTRIAL GLOBE. 

A place being given, with the Angle of Position or appa^ 
rent bearing of another place of given distance, to find that 
place. 

Read the foregoing remarks. Repeat the following : — 

Angle of Position, (def. 47) ; Meridians, (def. 22) ; Markings of 
the Horizon, &c. (def. 31) ; Cardinal Points, (def. 35). 

Rule. — Bring the given place to the brass meridian, and 
elevate the pole to its latitude ; then will the given place be 
uppermost, and the wooden circle represent its rational 

■ 

* Called in Mathematical language, Jjwodromic. 

I 
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horizon. Affix the quadrant - of altitade to the zenith of 
the place, and hrmg its graduated edge to cut the horizon 
in that point of the compass given as the hearing. If the 
distance he given in English or Geographical nules, bring 
them into degrees^ and find their complement > (N p. 2) : 
Under this complement on the quadrant will bethe-required 
place. 



1. What city is that which lies E. S.£. from Edin- 
hurgh> and is distant from it^5° ? 

EleYating the pole to the latitude of Edinburgh, aiid;bringiog that 
city to the meridian, I screw the quadrant oyer it, and make the gra- 
duated edge cut E. S. E. on the horizon ; then, at 25° distance, or 
under 65°, its complement on the quadrant, I find Constantinople. 

2. What place is that which is distant 45° from Cape 
Town, and considerably westward of it, in pointing towaida 
which, I must direct my finger 9GP from, the true south 
of my horizon ? 

3. What remarkable Cape is that distant from Cape 
Town exactly 60^°, and in pointing towards which, my right 
hand must make with my left 40^, when the latter is 
directed southward in the plane of nxy meridian ? 

4. The North Magnetic Pole is stated, by Captain Ross, 
to be in 70 J° of north latitude : give (nearly) the longitude 
of this spot by the bearing of 24^° W. which is the varia- 
tion of the compass from our Grreenwich meridian ? 

5. What city is that which is situated 5140 English 
miles from London, and which lies within 15^ of the 
equator, but which has an *' angle of position" of 90°, or 
apparently bears due £. of London ? 

Conversely — 6. Cherson (at the mouth of the Dnieper) 
lay under the edge of the quadrant when the last answer 
was found ; and it may have been inferredthat the Indian 
city sought must have the apparent bearing of 90° from 
Cherson also. — Find that bearing from Cherson ? 

7. What is the distance . and apparent bearing of 
Jamaica from London ? 

8. If, in Madrid, a person direct his right arm along the 
plane of the meridian towards the north, and his left to- 
wards Philadelphia, how many degrees of the horizon will 
there be between these pointings of his hands ? 
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PROBLEM X. 

TBB&XSTBIAL AKD CELESTIAL 0L0BB8. 

A place being given at which a certain star is culminating 
vertically f to find those places where certain other stars are 
vertical at that instant. 

I^am the Note just preceding Problem IX. Learn Poles of Celes- 
tial Sphare, (ttef. 12) ; Repeat QuHdrant of Altitude, (def. 48). 

Rule 1. Bring the ^ven place to the brazen meridian, 
and elevate the pole to its latitude: this will bring the 
given place uppermost, and cause the wooden drde of the 
globe truly to represent the rational horizon of the place. 

2. Bring the star which is vertical at the given place to 
the brazen meridian, and elevate the pole to its declination : 
this will bring the star to the zenith. 

3. Screw the quadrant of altitude to the zenith, and, 
making the graduated edge of it coincide with the other 
star, note down its zeniUi distance, and its azimuth, or 
"bearing*' from the north or south of the horizon. 

4. Apply the quadrant, in like manner, to the Terrestrial 
Globe, (screwing it to the brass meridian over the given 
place), and the place corresponding in degrees of distance 
and apparent bearing will be the place required. 



1. When 7 of Draco (" Etanin'*), is vertical to the in- 
haMtants of London, where is « of L3rra (" Vega") ver- 
tical? 

2. Where are the stars in the head of Delphinus then 
nearly vertical ? 

Here, having arranged the globes by Sections 1 and 2 of the Rule, I 
find by Sections 3 and 4, that the azimuth and zenith distance of a of 
Delphinus, agree with the distance and apparent bearing of that 
narrow part of the Red Sea which is W. of Sana. 
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3. Where is " Spica" (o of Virgo), then vertical ? 

4. When " Cor Caroli" (in the Dogs of Bootes) is ver- ■ 
tical to the Observatory at Pekin, where is "Regulus" (« oi \ 
Leo Major) culminatiiig vertically ? 

5. When " Cor Caroli*' is just south of the zenith of 
Madrid, where are Regulus and "Deneb" (fl of Leo) vertical? 

6. At Madrid, on the 20th April, at 1 1 o'clock, I ob- 
served that " Cor Caroli" was culminating in my zenith : 
over whose heads was " Castor," (« of Gemini), then 
brightly shining in my north-west ? 

7. At sea, 8th March, half past 7, p. m. (inlat. 16^^ S.) 
at a time when the inhabitants of the Marquesas saw Canis . 
Major due south of them, I observed the mast pointing I 
directly to "Sirius," (a in Canis Major) : near what islands, 
and how situated, was the remarkable southern constellation 

" Crux," at that time ? 

8. At the same instant where were the stars in the head 
of " Aries" vertical ? 

9. Where, then, the stars in the head of the " Lynx," 
(then culminating low in my north,) vertical ? 

10. Where, at that instant, was " Vega" (« of Lyra) 
in the zenith, although not above my horizon ? 

11. Where was the Pole Star at that instant; that is, 
how situated with respect to the Polar point ? 



PROBLEM XL 



TERRESTRIAL GLOBE. 



A place being given, to find what other places lie in the 
same plane with that place and with both of the Poles of our 
Earth, and consequently with its whole axis, 

Kepeat the following :— 

Axis of the Earth, (def. 9) ; Plane of the Meridian, (def. 19) ; 
Meridians, (def. 22) ; Longitude of a Place, (def. 23) ; Plane, 
(6, on page 9). 



RuLB. — If there be a meridian line drawn on the globe,* 
passing through the place, note doiwn the places lying like- 
wise on it for the bnswer ; but, if not, make the poles coin- 
cide -with the wooden circle, and bring the given place to 
the graduated edge of the brasen meridian ; then, all places 
coinciding with the brazen meridian will be the places re- 
quired. 

f^ott. — Those coinciding with the tinder semi-circle of the brasen 
meridian, tddiough *in the sanie -plane, may, in this instance, be left 
unnodced. 



1. What places lie in the same plane 

with Land's End, 1 , .., . » ^u i 

4.1. T 1 J r r«i.*i I and with the whole 
„ the Island of Chiloe, > • r ^.u -*v a 
x> u J I «xi8 of the earth r 

„ isarbadoes, J 

2. When y of Virgo is vertical to that part of the east 
coast of Afirica which is on the Equator, what places have 
that star exactly north of them, and what places have it 
exactly south ? 

3. When any place passes northward or southward of 
Aldebaran, (in Taurus), on the night of Christmas day, it is 
10 o'clock ; what places have, all of them, 10 o'clock when 
that star is verti(»l at t^e Island of Guadaloupe ? 

4. Some hours after this occurs, in consequence of the 
eastward rotation of our globe, this star will appear in the 
zenith of the inhabitants of the Ladrones : where will it 
then be 10 o'clock, as well as at those islands ? 

5. When it is 3 o'clock in the morning, or any other 
particular time of day, at Cape Horn, where is it the same 
time of day ? 

6. When the sun is on the meridian of St. Helena, and 



* It would be well if the pupil were always to conceive of the 
^'meridians'* drawn on the Terrestrial Globe, as circular disks of paper, 
each of them passing through the solid body of the Globe, and each 
crossing all ^e others in the whole length of the axis ; their edges 
peeping out at the circumference of the Globe and appearing as lines, 
only because of having been rubbed down to coinci& smoothly with 
itsaurftice. 

i2 
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it is, (xmseqaently, noon at that island, at what other par« 
ticolar places is it also noon ? 

7. When, on any day, three hours have elapsed sinoe 
St. Helena had the sun on the meridian ; and it is, there- 
fore, 3 in the afternoon there ; to what other places also is 
it 3 in the afternoon ? 

8. Seven hours before that place or Gibraltar had the son 
on the meridian, or mid-day ; and when, consequently, it was 

i-5 o'clock in the morning at those garrisons, to what other 
places was it 5 o'clock in the morning ? 

9. On a certain night the moon was exactly full when 
culminating in the zenith of the western point of Jamaica : 
to what places did she cast shadows duly northward, and to 
what places did she cast them duly southward, at that in- 
stant; and since it must have been midnight at these 
places and Jamaica, in what parts of the world was the sun 
culminating at the same time ? 



PROBLEM XII. 



Remark, — ^The imaginary plane passing through London, 
Havre, &c., and the whole axis of our globe ; and which, 
if continued, will cut through the middle of the Aleouskie 
Islands, the easternmost of the Fejees, and a point very 
near the " East Cape" of New Zealand, is a standard 
plane of British Geographers ; viz. that from which they 
reckon eastward and westward. 

When London is brought to coincide with the brass 
meridian, the graduated surface of its whole circle repre- 
sents an extension of this plane — (See next Examples). It 
will be evident to the intelligent pupil, that if, after so 
placing London, we move the surface of the Globe either east- 
ward or westward, the plane, or rather semi-plane, in which 
London is situated, and which so passes along the axis, 
will be inclined, at a certain angle, to one exactly similar, 
pointed out in like manner by tibe brass meridian as now 
coinciding with it. This inclination of the meridian plane 
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of any place to that of London, (our font meridian), is called 
the longitude of that place. Tlie angle, or incHnation of 
the two planes, might be measured on any of the paraUels of 
of latitude; but, for convenience 8ake,its degrees are reckoned 
on the Equator, which is graduated for this purpose. 

When, by the rotation of our earth, the plane of the 
meridian of any place is brought to coincide with the 
sun, it is mid-day or 12 at noon to that place. Hence 
the clocks, or sun-dials, of all places having the same 
meridian plane, will correspond at 12 ; and, therefore, at 
any other hour. 

But, since all these semi-planes are moving eastward, 
those places which belong to that half-surfiEu:e of our earth 
which is east of our London meiidian, and which, conse- 
quently, precede usin receiving the noon-day sun, will have 
their dodLs faster than ours ; whilst those on the western 
half-suiface, and which, consequently, we ourselves pre- 
cede, will have their time-keepers, or tiieir sun-dials, slower 
than ours, in proportion as they are situated westward. 

Hence, a correct time-keeper, transferred from the place 
in which it has been correctly set, will give the longitude of 
the place at which it is consulted, by showing the contrast 
of its time ; and consequently, the degrees of inclination* 
to the east or west of its own meridian. 



TABLB TO BB LBABKED BT BOTB. 



15° of longitude 

1° HH 
V 



one twenty-fourth of the circumference. 

one hour. 

four minutes of time. 

four seconds of time. 



2 times 15.. 30 
3i — 15.. 45 

4 — . 15.. 60 

5 — 15. .75 



6 times 15.. 90 

7 — 15.. 105 

8 — 15.. 120 

9 — 15. .135 



10 times 15.. 150 

11 — 15. .165 

12 — 15.. 180 



* We use this term hecause, as the pupil will see a little forther on, 
the length of a degree of loDgitade varies with the latitude. 
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TSBBttBTBlAL GLOBB. 

7*0 find the Longitude of a given place, and its time as 
compared with that of London or Greenwich. 

Repeat the following : — 

First Meridian, (def. 2^4) ; Solar day, (def. 84) ; True, or Mean 
Noon, (d^f. 86). Learn the Tiblea jnst preceding. 

RuLB. — Bring the given place to coincide "with the gra^ 
dtnted snrfBuse of the brass meridian, and it will shoV, 
as in 'the last Problem, the plane of its meridian : — The 
-number of degrees of longitude is shown where this ^^lane 
cuts tile Equator. Turn those degrees into minutes of 
time 'by multiplying by 4, or mto hours, by dividing by 
-1 5. If the place be to the east of London, add that time ; 
if to the west subtract it. 

If the Pnpil stand, as he ongfat, S. E. of the Globe^anrfiioe, he 
wUl reckon iowmrdt him for east, and from him for west, longitude. 
The Equator of a tweWe-inch Globe is generally subdivided only to 
half-degrees : that 6i a larger Globe to quarter-degrees, or minutes 
df time. 



1 . What is the longitude of Mecca, 

of Malta, 

df Ascension Island, 
of Mexico, 
of Fort Jackson, 
of Cape Horn, 
of £. point of Porto Rico, 
and how much will clocks, correctly set by the sun at these 
places, differ from the clocks of Gh'eenwich ; and whether 
will they be, behind or in advance of Greenwich clocks ? 

% If, after saiLiog down our coast to LowestoiF, its 
most eastern town, I cross the country to Laud's End, 
its most western point, how do I find my London watch. 



»» 
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if performing correctly, when comparing it with the docks 
at both of these places? 

3. Are the clocks of the following places faster or 
slower than those of London, and how much: — Peters- 
burg — Cape Town — Philadelphia — ^Barbadoes — St. He- 
lena — ^Madras — ^Bata^ia — Otaheite ? 

4. Each day of the year differs from the day which pre- 
cedes it with respect to the period at which any fixed star 
appears on the meridian. On the night of ^th January, 
Sinus (the Dog Star) comes to the meridians of the fol- 
lomag places when their clocks are striking ten : what hours 
will the clocks of London be showing at these several 
instants ? — Vienna — New York — Calcutta — Lisbon — ^Dub- 
lin—Port Royal, (Jamaica). 



PROBLEM XIII. 

CBLBSTIAL OLOBB. 



To find the Latitude in which a certain Star rises or sets 
ut the instant that another certain Star is culminating. 

Repeat the following : — 

Sidereal Day, (def. 83) ; Astronomical and Civil Reckoning, (def. 
82) ; Bight Ascension, (def. 52) ; Sidereal Clock, (def. 53). 

RuLB. — Bring the star given as culminating to the brass 
meridian, and elevate or depress the pole until the other 
star coincides with the eastern or western part of the 
horizon. Then the number of degrees on the brass meri- 
dian from the elevated pole to the horizon, will show the 
latitude. N.B. It is important to take the point in the 
centre of the star's rays for the star's place. 



1. In what latitude did I observe Arcturus on the meri- 
dian, when Antares (a of Scorpio) was rising ? 
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Here, by hnnpng Areturas to the brass meridian, and arrangiag 
the poles mitil Antares is coindding with the eastern part of the 
horizon, I find that declination 60^ N. is in the zenith ; and tiiat, 
oonseqvently, the North Pole is elevated 60^ 

2. When a of Lyra (Vega) is on the meridian, Algol 
(of Perseus) is rising, what is the latitude ? 

3. Altair (a of Aquila) on the meridian, of Iieo 

Major setting, what is the latitude ? 

4. Fomalliaut (of Rscis Australis) on the meri- 
dian, Rigel rising, what is the latitude ? 

5. a of Crux on the meridian, a of Columba set- 
ting, what is the latitude ? 

6. Sirius (a of Canis Major) culminating, a of 

Virgo (Spica) rising, what is the latitude. 

7. On the 18th of September, the sun appears at a 
point in the heavens which is scarcely one degree south of 
of Virgo : in what latitude will Aldebaran set at noon 
on that day ? 

8. On the 28th May, Aldebaran comes to the meridian 
with the sun. It happened to be full moon exactly at noon 
of this day at Bath : what was the latitude in which 
Regulus (in the Lion's heart) was rising at that instant, 
and how was the moon situated where Regulus was setting 
instead of rising ? (See question 9 of Prob. XI.) 



PROBLEM XrV. 

TEBBSSTRIAL GLOBB. 

To find a place having its Latitude and Longitude given. 

Conversely, — Having a place given to find its Latitude and 
Longitude, 

Repeat the following : — 

•Right Sphere, (def. 49); Parallel Sphere, (def. 60); Oblique 
Sphere, (def. 51) ; Oblique Ascension, (def. 54) ; ObUque-Deaeen- 
sion, (def. 55). 

Rule. — ^Follow the directions respecting the arrange- 
ments of the Globe, and the proper use of the right or 
left hand, in Problem 11. Place the thumb nail upon the 
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giyen latitude, and bring the given longitude to the brass 
meridian ; then under the given latitude will be the plaee 
required. 

Conversely. — If a given place be brought (with the right 
or left hand according to its north or south position) to 
coincide with the brass meridian, the latitude will be found 
over the place ; and the longitude, or inclination of the 
plane of its meridian to the east or west of that of 
London, will be cut by the brass meridian on the Equator. 

Find the places answering to the following latitudes and 
lon^tudes : — 

32| N 17 W. 

13 N 80^ E. 

34iS 18^ E. 

I3|S 5fW. 

50 N 5| W. 



39| N 2| E. 

56 N 3| W. 

51JN E.orW. 

5 S 1191 E. 

34i S 58^ W. 



F^d the latitudes and longitudes answering to the 
Uowing places : — 

1 . Moscow. 

2. Bermuda. 

3. Port Jackson. 

4. Barbadoes. 
5* Archangel. 

6. Dublin. 

7. Owhyhee, (S. point of ) 



8. Jeddo. 

9. Oporto. 

10. Otaheite. 

11. Calcutta. 

12. Lima. 

13. Quito. 



PROBLEM XV. 

CELESTIAL GLOBE. 

moving a given Star, to find what other Stars lie in the 
same plane with that Star and the two poles of the Equinac^ 
tial, and consequently with the whole axis of our earth. 

Repeat the following : — 

Equinoctial, (def. 14) ; Ezamine, by the Globe, the List of Con- 
stellations, (pages 55 — 58). Repeat again, Greek Alphabet, (p. 24.) 
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RuLB. — ^Make the poles of the Equinoctial coincide with 
the wooden circle of the globe, and bring the given star to 
the graduated surface of the brass meridian ; then all stars 
coinciding with the brass meridian will be the stars re- 
quired. 

Note. — ^The stars coinciding with the under semi-circle of the brass 
meridian are also in the same plane ; but may, in this instance, be 
left unnoticed. 



1. What remarkable star in Ursa \&or ; what stars in 
Cassiopeia, Pegasus, the Phcenix, and Hydrus, are nearly 
in the same plane with « of Andromeda and the Polar 
points ; ' and, consequently, in the same plane with our 
whole axis ? 

By bringing a of Andromeda, which I find to be in the head of 
thftt Constellation, to coincide with the graduated edge of the brass 
meridian, I see that the Pole Star, (which is not at the Pole), is then 
just 1|^ above it ; and that jS in the chair of Cassiopeia, y (Algenib) 
in the wing of Pegasus, c in the wing of the Phoenix, and in 
Hydms, are likewise on the meridian. 

2. What stars in Andromeda, Triangulum, Pisces, Cetus,* 
Eridanus, and Hydrus, are in the same meridional plane at 
any instant, with a in the Head of Aries } 

3. What stars in Perseus, Sceptrum, Eridanus, and 
Dorados, are in the same plane with Aldebaran ; and how is 
that plane numbered where it cuts the Equinoctial? 

4. What stars in Auriga, Lepus, and Columba, are 
brought to any meridian at the same time with Betelgeux, 
(a of Orion) : and how is their common plane numbered 
on the Equinoctial ? 

5. What small stars in the L3mx, Gemini, Monoceros, 
and Argo Navis culminate at the same instant, (or within 
two minutes of time, or a half degree), with a of Cams 
Major, (Sinus) ? 

6. What stars in Ursa Major, Leo Minor, Leo Major, and 



* If the globe should not have the smaller stars marked with 
sufficient clearness, the exact part of the Constellation may be 
named. 
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Argo Navis, are on my meridian, at the same time every 
day, with a of H3rdra, (Cor Hydrse) ; and how is the 
plane passing through them marked on the equinoctial ? 

7. When the Southern *' Pointers/* a and y of Cruz, 
are on the meridian of any place, what stars in Musca 
Anstralis, Corvus, Coma fiernices, and Draco are culminat- 
ing ; and what point of the equinoctial is culminating with 
them all ? 

8. When i| of Bootes b on the meridian, what star in 
the Great Bear*s Tail, what Httle star in Virgo, and what 
confflderable star in Centaurus, are likewise very nearly on 
the meridian ? 

9. "What stars in Ursa Minor, in Draco, in Corona 
Borealis, in Serpens, in Lupus, and in Triangulum Australe, 
are on the meridian with y of libra ; and what point of 
the equinoctial culminates with them ? 

10. What three stars in Hercules, what stars in Serpen- 
tarius, and what two remarkable stars in Ara, culminate 
every day about 5 minutes before f of Draco ?* 

1 1 . What stars in Draco, Cygnus, Sagittarius, and Pavo, 
come to the meridian with a of Aquila (Altair) ; and what 
degree of the equinoctial ? 

12. What degree of the equinoctial, and what small stars 
in Cepheus, Pegasus, Aquarius, and Ghrus, culminate every 
day with a of Rscis Australis, (or " Fomalhaut'* ) ? 



PROBLEM XVI. 

TERBESTBIAL OLOBB, 



To find a star, or any heavenly body, having its Right Ascen^ 

sion and Declination given. 

Conversely. — Having a star, 8{C., given, to find its R. A. 

and Declination. 

Repeat the following :-^ 

Sidereal Clock, (def. 53) ; Magnitade of a Star, (def . 5) ; Aberra- 
tion, (def. 103) ; Nebula, (def. 106) ; Galaxy, (def. 107.) 



* Near the pole of the Ecliptic, and ju«t preceding it ; •', e. west* 
ward of it. 
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Rule. — ^Flaoe the poles in the horizon, so that, in causing 
the glohe to revolve westward, all the stars mapped upon it 
may pass under review. Place the thumh nail (of the right 
or left hand according to position) on the given declination, 
and bring the given right ascension to the brass meridian ; 
then, under the given declination will be the star required. 

Conversely. — If a given star be brought to the brass 
meridian, the declination will be that found exactly over the 
star ; and the R. A. will be cut by the brass meridian on 
the equinoctial. 



1. Find the stars answering to the following R. A. and 
Declination ? 



h. m. 
R. A. 20 35 
10 
22 48 
12 17 



if 



it 



1* 



Decl. 
441 N. 
12f N. 
30|S. 
62|S. 



h:. ID* 

R. A. 1 58 
46J° 

83^ 



n 



*» 



f> 



lli^ 



Decl. 

22f N. 

34iS. 
59iN. 



2. Find the R. A. and Declination of the following stars ? 



1st. The R. A. in hours or 

sidereal time. 
(i8 of Orion) " Rigel." 

7 of Leo Major. 

a of Corona Borealis. 

9 of Cancer. 

K of Scorpio, (in the Tail.) 



2nd. The R. A. in degrees. 

« of Crux. 

^ of Corvus. 

{ of Ursa Major, •' Mizar." 

a of Ursa Minor, Pole Star. 

7 of Grus. 



3. The telescope of my Transit instrument is elevated to 
23° 26' N. declination, and my sidereal clock is showing 
3 hours 31 minutes : what star shall I see at the intersec- 
tion of the wires which point out the centre of the tube, if 
I look through it just six minutes and three quarters 
after this ? 
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PROBLEM XVII. 



TBRRB8TBIAL OLOBB. 



To find the difference of Longitude of any two places ; and 
the hour of the day at the one place being given, to find the 
hour at the other place. 

Learn S. T. V. W. on pi^^ 12, and X. on page 13. 

RuLB. — ^Find the longitudes of both places, beginning 
with that place which is eastern of the two. If the loDgi- 
tudes be both of the eastern hemisphere, or both of the 
western, subtract the less longitude from the greater ; but, 
if the one longitude be of the eastern, and the other of the 
western hemisphere, their mm will be the difference of Ion* 
gitude, unless it exceed 180 degrees. 

If the sum of the two longitudes exceed 180°, take that 
sum from 360°, and the remainder will show the difference 
of longitude. 

N. B. The difference of longitude may be turned into 
minutes of time by multiplying the degrees by 4 ; or into 
hours by dividing them by 1 5. 



What is the difference of longitude between the follow- 
ing places: Pekin and Lisbon; Botany Bay and Cairo; 
Port Royal and Owhyhee ; Naples and Lassa, (Thibet) ; 
Geneva and Lima; Philadelphia and Venice; Paris and 
Rome; Lisbon and Canton; Astracan and Barbadoes; 
Mexico and Otaheite ; the North Foreland and the Isle of 
Wight ; Dublin and Edinburgh ; what is the difference of 
time between these places, and which one, of every two of 
them, has the time in advance ? 
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graphical miles in a degree of longitude, since each degree 
answers to 4 minutes ci time, the rate per minute, multi- 
plied by 4, will give those Geographical miles. 

If the muriilitna be drawn, (as they are on aome Globes,) throng 
every 10 degrees, the rate in Geographical miles is similarly foond 
for every two-thirds of a minute only : in this case the rate per 
minute will be half as much again as that shown by the measure- 
ment* 



1 . At what rate per minute are the inhabitants of Peters- 
burgh carried by the rotation of the earth ? 

Here I find, that the 15^ of Petersburgh answer to 7^^ only of the 
Equatorial degrees, and that, oonseqaently, its inhabitants are carried 
only 7j^ Geographical miles per minute. 

2. At what rate per minute, (in Geographical miles,) are 
the inhabitants of the following places carried by the revolu- 
tion of the earth upon its axis : — 1. Madrid, or Pekin, or 
Philadelphia. 2. North point of St. Domingo, or north 
of Owhyhee. 3. Port Jacksou, or Cape Town. 4. Edin- 
burgh, or Cape Horn. 5. London. 6. Bermuda. 7 . Can- 
ton. 8. St. Helena. 9. Cape Verd. 10. S. of Spitzbergen. 

3. What also is the rate per hour at each of these places, 
and what the length of a degree in English miles ? 

Note.^-The learner, in performing the foregoing Problem, will 
have noticed that the quadrant, (the measure of a great circle,) does 
not conform sufficiently to any arc of a parallel of latitude, (a nrnail 
cirde,) to enable us to obtain more than an approximation to the 
truth. If it be required to know the rate in EngHdi miles, they may 
be found, in this case with sufficient exactness, by multiplying the 
Geographical miles by 70, and dividing by 60 ; or by adding ^. 
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PROBLEM XIX. 

TBBBESTRIAL GLOBE. 

The hour of the day at any particular place being given, 
to find the hour in any other part of the world, and where it 
is any other proposed hour. 

licam the Trigonometrical Canon given in K, on p. 16, and on the 
page sncceedmg. 

Rule 1« — Bring the place, the time of which is given, 
to the biass meridian, and set the index of the hour circle 
to the time ; then bring the other place to the brass meri- 
dian, and the index will point out the time required. 

2. If it be required to find where it is any other proposed 
time ; by turning the Globe until the index points to that 
proposed time, the places having that time will be found 
coinciding with the brass meridian ; but due regard must 
be paid to the note appended to Rule of Prob. XII. 

No 1. 

Plmeeg at which Time i» given. Placet at which Time i* required. 

London 101 A. M. . . Washington and Owhyhee. 

Jainaiea(Pt.Royal) 9 A. M. . . Madras and Bencoolen. 

Calcutta 7j P. M. . . Cayenne. 

Edinburgh 3 P. M. . . Delhi. 

Venice 2| A. M. . . New York. 

Cape of Good Hope Midnt. . . Pekin and Buenos Ayres. 

No. 2. 

""^^O'} 1 A. M. .. mere Noon. 

Ispahan 2f P. M. . . "Where Noon and where 

8h. 20m. A. M. 

Bombay Noon. . . Where 6 j A. M. 

St. Helena . . 6h. 40m. A.M. . . Where 1 P. M. 

Mexico Midnt, . . Where 5 A. M. and where 

2} P. M. 
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EQUINOCTIAL AND BCLIFTIC. 

B The pleasantness of the pupil's progress will much de- 
pend upon his just comprehension of the Equinoctial and 
Ecliptic. We hope he has already obtained correct ideas 
of a Plane : by means of this portion of his knowledge the 
ecliptic and equinoctial may easily be understood by him. 

We set out (page 3) by illustrating the point called the 
centre, within the needle-hole; and explained that the dr* 
cumference of this minute circle, and the surface of the 
paper in which it had been pierced, the surface of the table 
on which the paper was laid, and the surfaces of the distant 
tables in any rooms, on the same floor, which were exactly 
of the same height, were in the same plane with this dirde 
and its invisible centre. 

^ Now, the earth, the surface of which we, and one thou- 
sand millions of our species, inhabit, is but a speck compared 
with the space in which it is situated ; yet it has a centre, 
and we can very readily understand, that this centre, being 
the middle of its axis, is in the same plane with the equator ; 
(see def. 13,) and that, as the earth is surrounded by stars, 
being situated in the midst of myriads of them, there must 
be a circle of these stars, or of points of space amongst 
them, exactly opposite to the several points all around t^bis 
equator ; that is, there is a circular line amongst the stars 
in the same plane with our equator and its centre: — that line 
is the equinoctial. We see it is only an imaginary line, 
drawn over the several points in the sky which are exactly 
opposite our equator. A man living at the equator, as the 
earth turns on its axis every 23 hours, 56 minutes, 4 
seconds, will therefore direct his head to every part of this 
equinoctial line. 

D But, whilst the earth is turning thus on its axis 366 
times, it is wheeling round the sun, its primary, in a nearly 
circular path; which, although vast compared with the 
earth's own dimensions, is proved to be insignificantly little 
when contrasted with the distance of the nearest fixed star : 
(G on page 4). So that, we may say any one part of this 



BQUINOGTIAL AKD BCLIPTIC. 105 

circular path, or orbit, of the earth, is as distant from 
anj £zed stars as other part of it, both being at an incal- 
culable distance from them. Still, as with regard to the 
equator and the marking out of its plane in the heavens, 
caJled the equinoctial, so with regard to this circular path 
or orbit of the earth around the sun ; there are stars, and 
points of space amongst them, tJi the same plane toith this 
circular path; and ^ese, being traced out amongst the 
stars, form the line called the ecliptic^ which, like the equi- 
noctial, is marked out on our celestial globe. 

^ The sun, around which we are thus circling, must, of 
course, be in the same plane with every point of this our 
path; and looking across the circle towards him, we 
should, were it not for his brilliant light, day after day 
perceive the stars so in the plane of our orbit, appearing, 
in consequence of our own motion in this orbit, to pass 
behind hnn in the opposite way to that in which we are 
going ; in other words, forgetting the fact of our own move- 
ment, it would appear as if he were passing over them in the 
same way. This is the sun's motion in the ecliptic ; not a 
real motion, but a seeming one, caused by our daily pro- 
gress around him. If we were inhabitants of the sun to 
day, and had eyes, as now, capable of viewing so small a 
speck as the earth at so great a distance, we should see 
our planetary habitation also in the ecliptic line, but in the 
opposite portion of it ; that is, as a bright speck appearing 
amongst those zodiacal stars which will be on our meridian 
this midnight, and making real progress in the same order 
as this apparent progress of the sun. 
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OBLIQUITT OP THE ECLIPTIC EQUINOCTIAL POINTS — RIGHT 

ASCENSION DECLINATION. 



'Eipvtn^etUil 



"■'icifp^'* 




^ We shall still have recourse to very homely expedients, 
in the use of a round tea-tahle, and the earliest home-made 
toy of our infancy, — a teetotum formed of a mould button 
and a wooden peg. Only, since our purpose is now a 
philosophical one, we will take care that our wooden peg 
(P) be exactly equal to the diameter of our horn button 
(B) ; and that the button be so placed on the peg as to 
be at equal distances from its two ends. 

The peg, so placed, will now be the earth's axis. 

Its ends, the north and south poles. 

The round flat button will be a fit representation of the 
plane of the equator. (The young reader will allow, that if 
the space above and below this equatorial plane were filled 
with cork, so as to make up the form of a globe, it 'would 
spin just as well ; but we should not then see the position 
of the plane of the equator.) 

The surface of our table is the plane of the ecliptic ; and, 
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if we suppose a groove or track to be made near its edge, it 
will represent tlie earth's orbit. 

The sun will be represented by the ball we have placed 
in the middle of the table. 

Now, let our teetotum be spun towards the left, and turn 

round 366 times whilst it traverses the whole groove, passing 

A, in front of the pupil, towards B. If the peg or axis be 

perpendicular to the plane of its orbit, that is, if it spin in 

an upright position, as £ in our figure above, the two planes, 

the button surface and the surfeuse of the table, (the planes 

of the equator and of the orbit), will be parallel; and the 

portions of the distant wall, (supposed to be that of a large 

circular room), which we have marked as, severally, in the 

same planes with the button and with the table, wiU represent 

the equinoctial and the ecliptic ; and, as they are so nearly 

together, being apart only to the extent of half the length 

of the peg, on a distant wall they would appear as one 

Hne. 

" We remark then : — If the earth were to revolve in its 
orbit, with its axis, or line about which it spins, perpendkuiar 
to the plane of that orbit, the equinoctial and ecliptic would be 
one and the same line on our celestial ghbe^ 

But it is not so : the earth*s axis is inclined towards the 
plane of its orbit, 23^ ^8' ; and therefore, the plane of the 
equator is so inclined and intersects it. 

If our teetotum could be made to spin, leaning exactly 
to this angle, of 23° 28', it would more fitly represent the 
earth whilst moving around the sun. 
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^ It will be observed, (fig, 2), fhntjust as the peg or axis 
is inclined, the button or plane of the equator is inclined; 
and, of course, the line which would mark out on the wall, 
or amongst the stars, the several parts or points in the 
same plane with our equatorial button edge, will be inclined 
also, and to the same angle, viz., ^y 28'. Hence, we see 
that the equinoctial and ecliptic intersect, and form distinct 
lines in the sky. That point in the heavens where these 
imaginary lines so intersect, is the point from which astro- 
nomers reckon in assigning places to the several heavenly 
bodies. There is, of course, another intersection, diametri- 
cally opposite to this ; that is, on the wall behind the pupil 
who examines our figure ; and, in common language, we 
speak of these[two intersections, viz., r in front and:S: behind 
us, together, as " the equinoxes." 

'- Before we quit the diagram to advance with our problems, 
we would call attention to the manner in which the constant 
daily change of "right ascension" and "declination" is 
effected. We have said that the first point of Aries (r) is 
the reckoning point. It is evident that when the earth is 
in the position Q, (see figure), the apparent declination of S 
is south of the equinoctial plane, and the right ascension 
about 335 ; and that it will then have advanced about 3* 
in the sign Pisces (x). But let us follow it to A, and its 
inhabitants will then have the sun's R. A. about 18^ only; 
its apparent place being about 20" in Aries (t), and its 
position above the equinoctial, and in about 8** of north 
declination. 
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PROBLEMS. 



SECTION II. 



RSLATIKG TO THK ANNUAL HBVOLUTION OF THB EARTH. 



PROBLEM L 



CELESTIAL GLOBE. 



A day being given, to find the sun's longitude or place in the 
ecliptic and his consequent declination and right ascension. 

Repeat the following : — 

Ecliptic, (def. 61) ; Obliquity of the Ecliptic, (def. 62) ; Equinoc- 
tial Points, (def. 63) ; Geocentric, (def. 99) ; Heliocentric, (def. 100). 

RuLB. — Look for the given day in the circle of months 
on the wooden horizon ; and against it, in the circle of 
signs, will be found *' the sun's place" for that day. Look 
for the sign and degree corresponding to this in the ecliptic 
line ; bring this degree to the brass meridian, and over it 
will be found the sun*s north or south declination : the 
right ascension will be cut by the brazen meridian on the 
equinoctial. 

Our memorial lines (** On New -Year' a-day, ^c.»') in the Appendix, 
will give, with very little trouble, the sun's place for any day in the 
year, without reference to the wooden horizon, to any who may 
prefer such a mode of assistance- 



Examples. — What is the sun's longitude, or ** place in the 
ecliptic," for thefollowing days; what his declination and right 
ascension; and what stars would appear very near him, if it 



L 
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were not for his beams, on the days we have marked 
thus,^ ? 

March 13— * January 16 (')— *Feb 10— Sept 19— *May 
23 — December 21 — *December 1 — * August 20 — *October 
14 — June 21 — *June 30 — September 23— March 21 — 
"November 5 — April 25—* July 12 ("). 



PROBLEM II. 



TERRBSTBIAL GLOBE. 



A certain day of the year being given, to find what other 
day of the year is of a length exactly corresponding to it; 
and where, on those two days, the sun appears in the zenith. 

Repeat the following : — 

Solstitial Points, (def. 64) ; Tropics, (def.^5) ; Zones, (def. 71) ; 
Amphiscii, (def. 72); Ascii, (def. 73) ; Analemma, (def. 66), 

Rule. — Find the sun's place and his declination, either 
on the celestial globe by the proper ecliptic line, or on the 
terrestrial globe by means of the record of declination 
answering to the ecliptic. Turn the globe till some other 
portion of this line is under the same degree of the brazen 
meridian ; then find the sign and degree answering to it on 
the wooden circle of the globe, and directly against them 
will be the day of the month required.* The places having 
latitude answering to the declination of the sim, will be 
those to which he will, on these two days, pass vertically. 



(«) 16th January, a little to the south-west of a and fi, the re- 
markable stars in the Goat's head. 

Q>) 12th July, nearly half way between two very remarkable stars. 

« If the analemma be used, the two dates will be found at once un- 
der the declination. 
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ExampleB, — Find tiie days corresponding in lengtih to the 
following days ; and the places to which, on those days, the 
sun is vertical. 

1. 6th February— 5th May — 10th July — 20th January 
— 18th August. 

Annoer — 4th Noyemberj &c. &c. 

2. The sun rises to Ghreenwich at half-past four on the 
29th of April ; it will rise earlier next day : how many 
days must dapse before it will again rise precisely at this 
time?* 

3. The sun sets to me in London, at three quarters past 
seven on the 2d of August ; it will set earlier next day : 
how many days must elapse before he will again set pre- 
cisely at that time } 

4. If the sun be vertical at a certain place on the 15th 
of March, how many days must elapse before he is again 
votical to that place, and to what other places will he 
then also be vertical ? 

Conversely. 5. Find the days on which the sun is 
within one degree of the zenith of Calcutta, or of the 
south point of California ; and also how long he is daily 
within the same distance of the zenith of Quito, at each of 
two x>erioda of the year. 



PROBLEM III. 

CELESTIAL GLOBE. 



Given the day of the month and the sun's amplitude, to find 
the latitude of the place of observation. 

Learn Zodiac, \M, 69) ; and the Memorial Terses *' On March 
2lBt/' &c., in tiie Appendix. 

Rule. — Hud the sun's place, and bringing it either east- 
ward or westward of the brass meridian, elevate or depress 

■■I * ■ III ' I ^— — ,111. I . 

* Any two days which correspond in length, are equally distant 
from the 2 1st of June and the 2l8t of December, the longest and 
shortest days. 
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the pole until that part of the ecliptic can be made to 

coincide with the given amplitude, as marked on the 

wooden circle of the globe ; then the degrees of elevation of 

the pole, or the degree of declination in the zenith, will 

show the latitude. 

The snn, on any day, sets so many deg^reea north or south of the 
frest, as he rises north or south of the east. 



1. In what latitude does the sun rise 26° north of the 
east, and set 25° north of west, on the 21st of June ? 

Here finding the first point of Cancer to be the sun's place, I elevate 
or depress the pole until that point of the ecliptic can be made to 
coincide with 25°, the given amplitude, and find that this can occur 
only in lat. 23*^ north or 23*^ south. 

2. In how many dififerent latitudes does the sun rise duly 
east and set duly west, on the 21st of March, and on the 
23d of September ? 

3. What was the variation of the magnet, and in what 
direction from the true north, at a place where, on either of 
.these two days, he appeared to be rising 24^° to the south 
of the east point of my compass, and to set 24^° to the 
north of its western point ? 

It will help the pupil to answer this question, if he consider whether 
the east point of the compass was too far north or too far south. 

4. In what latitude north, and in what latitude south, 
does the sun rise north-east and set north-west on the 
21st of June. 

5. On what points of the compass does the sun of the 
2 1 St December rise and set in the latitudes last found? 

6. In what latitude north on the 21st of June, did the 
sun rise with amplitude 80° north of east, having been a 
very little time below my horizon ; and to the inhabitants 
of what latitude south, does the sun, on that day, rise vrith 
the same amplitude to give a very short day, having been 
very many of the twenty-four hours below their horizon ? 

7. In what latitudes (north and south) has the sun 22^° 
of amplitude on the 5th of May or on the 7th of August* 
on both of which days he has 165*^ of north declination* 
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and what will be the difference of effect of his declination 
in these latitudes ? 

8. On the 3d of February, in what latitude north does 
the sun set 20° south of the true west ; and whether does 
the north point of the magnet vary eastward or westward 
in a certain longitude on that parallel of latitude, if the 
sun, on that day, is found to be setting 30° south of the 
west of the compass ? 



ANNUAL DISTBIBUTION OF LIGHT AND HKAT. 

The distribution of the light and heat"' of the sun over 
the surface of our earth, is unequal and variable from several 
causes. 

^ First, — Its globular form, as its surface, in the higher 
latitudes, curves off and retires, receiving the simbeams 
obliquely. 

A board twelve inchee square will entirely intercept the rays of 
light and heat which, at a corresponding distance from a lamp, ex- 
actly spread themselves over the more extensive half-surface of a 
twehe mck globe. The pupil can readily conceive over which por- 
tions of the globeHiuxface these rays are cast most thinly. 

^ Secondly, " The nature of the surfiace whether water 
or land ; and the situation, whether at a greater or less 
height above the level of the ocean. To such circum- 
stances may be added, the particular configuration and 
geographical relations of places; as their aspect to the 
north or south ; their being sheltered or exposed ; the com- 
position and nature of the soil, particularly its colour and 
state of aggregation, on which depends its power* of ab- 
sorbing and of radiating heat and light, and of retaining 
or of parting with humidity, &c. ; the proximity, or ab- 
sence of seas; the predominancy of certain winds; the 
frequency of clouds, fogs, &c." -— * Protf/'» Bridgewater 
Treatise, p. 216. 

^ Thirdly, The obliquity of the earth's axis of rotation 
to the plane in which it performs its annual revolution. 



* See articles Light and Heat (Index). 
l2 
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Autanmal Eqaiiios. 
Bept« S3* 



Noyember. "K 



Dec. 81. ^^\ ir^y ^"^. — 7>^^^ TZX /^^^ 

Winter ^^0\ .^^y<Z\. . . . T %^,. .;;.X-.;.'.;1 ,^:^TT:::t7r!>>r\j^^ June 21. 

Solstice, ^mfcl/ ' . A / <iS^m Saimn» 

Til ■>8^--" ^ tL Solstice. 



Vernal Equinox, 
March 21. 

Hie pupil is requested to observe, particularly, the latitude in vbich 
the vertical ray falls, as indicating the declination caused by the re- 
lative position of the axis. 

We hope the explanation given on pages 106 — 8, ha^^ 
fully prepared the pupil for a just idea of the circumstances 
illustrated above. He will recollect that the axis (our 
button peg) maintains its parallelism during its 366 rota- 
tions, (otherwise our equinoctial plane would be a varying 
one); and he will now perceive that the consequence to 
our globular earth, is an ever-varying distribution of the 
sun's influence as it respects the latitudes of its surface: 
the sun (represented above by the taper) becoming, by tliis 
wondrous ordination of the Creator, a star of ever-changiog 
declination ; and, in the course of the year, or period of 
complete revolution, shedding its vertical rays in a range 
of latitude from 23° 28' north, to 23° 28' south of the 
equator. Hence the seasonal changes of summer, autumn, 
winter, and spring. 



Our purpose will be answered by referring to the five 
positions particularly noted above : we begin with the posi- 
tion on the right, representing the extreme circumstances 
of the 

^ 1st OF JUNE, [pur SUMMER SOLSTICE.) 

^ H^e it may be seen that the northern extremity of the 
axis, or arctic pole, is howed towards the sun to the exact 
extent of its inclination to t^e plane of the orbit. "^^ 
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taper flame, or siui, is therefore vertical in latitude 23° ^' 
north; and affording, notwithstanding the earth's daily 
rotation, continuous light to the whole segment within the 
arctic circle ; t. e., to the whole of the north frigid zone, 
leaving a corresponding segment (the south frigid zone) 
continuously unenlightened. 

Referring to ProUem VI. of Section I., it will readily be 
understood that the equatorial inhabitants, as those of 
Quito or the north of Celebes, have an invariable period of 
twelve hours' light ; but that of all the places which, at any 
instant, are rising into the sun's beams along the western 
edge of the terminator, those most southern mjl first arrive 
at its eastern edge to lose his light ; whilst those most 
northern will enjoy it longest. And thus, since these are 
the extreme circumstances of our earth's position in sun- 
light, we have a representation of the longest day of the 
northern hemisphere, and the shortest day of the southern 
one. 

AUGUST, (second WBEK OF). 

^ We pass towards the left to view the condition of the 
earth in the early portion of August ; and we remark that, 
in consequence of the curvature of its path, the unvaried 
direction of its axis is now, so to speak, considerably on 
one side of the sun ; and the latitude now receiving his 
vertical beams about 15°. Hence his rays reach over the 
north pole to that extent only, and a considerable portion 
of the arctic or frigid zone is spending a part of the diurnal 
rotation of twenty-four hours out of their direct influence. 

The equator still retaining its period of twelve hours, the 
eammer days of the northern hemisphere are now con- 
siderably shortened, whilst the winter ones of the southern 
hemisphere are lengthening. 

SEPTBMBBR 23, (our AUTUMNAL EQUINOX). 

" The earth has now attained a position with regard to the 
sun, at right angles* with that which it had at the solstices. 

* As may be seen in the cut, at the solstices there is a common 
plane passing through the axis, the polar point in the heavens, and 
the sun. This phme is represented on tiie celestial globe by the 
toUiitiai colure. 



i 
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Its poles now are nother inclined towaidstliesuniMramy 

from it : hence, its eqnator is receiving bis wfod njs, 
snd the terminator or boundary of his light, passng tiffoogh 

the poles, coincides with the whole meridian ofisypj^cc 
rising or setting, and divides every parallel of latitodeinto 
two equal parts. The sun now appears in the besvcDS 
without declination, coinciding, like y of Virgo, ortiieitar 
in the belt of Orion, with tibe equinoctial, and^^ 
name to that line, because when he is thus dnw^xi^' 
the nights and days of every latitude are of equal Mos^ 

NOTBMBBa, (FIBST WBBK OF). 

^ Tlie circumstances of the southern hemisphere atenov 
precisely those of the northern hemisphere in the po^tioo 
marked out for August. The north pole is indmedlb 
from the sun ; and that portion of the arctic zone which is 
not farther than 15° from the pole, or has above 75^ o( 
latitude, caimot rise into sun-light ; a similar portion oCthe 
antarctic zone having it continuously. Hence, too, the sod 
is vertical in latitude 1 5° south ; and appears in correspond- 
ing south declination. The inhabitants of the northeni 
hemisphere have a shortness of day depending on thoi 
distance from the equator, whilst those of corresponding 
latitudes in the southern hemisphere, have corresponding 
shortness of night. 

21st OBCBlfBEB, (our WINTBR SOLSTICE). 

^ The position of the earth on the day of the winter sol- 
stice, may be explained by referring to that of the dlst of 
June. It will be seen that the circumstances of the two 
hemispheres are now completely reversed. The kkA^ 
zone, the whole of which, on that occasion, had continuous 
light, is now entirely enveloped in darkness ; whilst to the 
whole of the antarctic zone, the sun is constantly above the 
horizon. He is shedding his vertical rays in the latitude 
answering to the declination of the southern tropic, and the 
inhabitants of the southern hemisphere have now attained 
their longest day; the inhabitants of corresponding northern 
latitude having their night of corresponding length, and 
their day the shortest. 
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7EB. MAK. 21. MAT. 

" The positions for these three occasions may be understood 
by reference to those which are opposite. It must be re- 
1. marked, that whilst the consequences to the two hemispheres 
\ in February and May respectively, are the reverse of those 
"]in August and November, the circumstances of the 2 1st of 
March, as for as it respects the distribution of light, are pre- 
cisely those of the 23d of September. 



PROBLEM IV. 

TBRRESTaiAL GLOBE. 



The day of the year being given, to find the length of that 
day in a certain latitude, and the altitude of the sun at any 
distant place, when he is setting at the place of observation. 

Repeat the following : — 
Heteroscii, (def. 74). Read and describe pp. 114 — ] 1 7. 

Rule. — 1. Find the sun's declination for the given day, 
and rectify the globe for that declination; the wooden 
circle of the globe will then represent the •* terminator/'* 
or boundary of his direct beams ; and the brass meridian, 
the plane in which the sun lies. Bring the given place to 
the brass meridian, and set the index to twelve, or noon. 
Turn the globe eastward, and count the hours passed over 
by the index until the place coincides with the eastern edge 
of the terminator ; this will show the time from noon until 
sun-setting, or half the length of the day. 

Subtract those hours from twelve or midnight, and it 
will show half the length of that night, or the time of sun- 
rising ; since the sun rises so much after midnight as it sets 

* It represents the horizon, only of any place having latitude cor- 
responding exactly to the declination of the sun, at the instant of 
noon. 
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before midnight ; or so mach before noon, as he sets after 
noon. 

2. Keep the globe from rotating. Affix the qnadrant of 
altitude to the sun's declination (i. e. to the latitude in 
which it is vertical) ; then, the graduated edge of the quad- 
rant brought to coincide with any proposed place, will 
show its elevation in sun-light, or the altitude'*' at whk^ 
the sun is appearing to its inhabitants at that instant. 

N.fi. — If die plfi[ce should be found coinciding with the 
brass meridian, that circle maybe used instead of the quad- 
rant; and the degrees counted on it the shortest way 
towards the terminator, will show the meridian altitude of 
the sun at that place. 



1. What is the length of the 15th of April or the ^th 
of August, to us in London; and how high is the sun 
above the western horizon of the island of Bermuda when 

it is setting here ? 

Eleyating tbe north pole 10*', and bringing London to coincide intii 
the brass meridian, we find that the index will have passed over 6 hrs. 
53in., when London is coinciding with the eastern edge oi the termi- 
nator, or is setting ont of sun-light. Hence the time of sun-set being 

6h. 53m., I subtract those hours from 12, or midnight, and I get 

for the tiine of sun-rise on these mornings, nearly. By affixing the 
quadrant, and passing its graduated edge oyer, Bermuda, I find that 
tiiat island has the piyot or sun 41 ** from its zenith, or is yet elevated 
degrees in his beams. 

% What is the length of the 25th of October at St. 
Helena ; and how high has the sun risen above the eastern 
horizon of the east point of Owhyhee, when St. Helena is 
leaving sun-light ? 

3. When does the sun rise, and what, consequentiy, is 
the length of the night and of the day, at Gierke's Island 



* The pupil will understand this, if he considers that the number 
of degrees between the place and the terminator, is the con^lemmU of 
its distance from where the quadrant is screwed ; viz., the zenith of 
the place to which the sun is vertical. If the places are situated 
nearly north or south of the sun, the brazen meridian will show the 
zenith distance and altitude. 
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(soutk of BehringV Straits) on the 10th of July; and 
when the sim is setting there on that day, what is his alti- 
tude at Mocha, where he is nearly north ; at Calcutta, where 
he is declining westward ; and at the Cape of Good Hope, 
where he appears advancing towards noon, considerahly to 
the north of their east ? 

4. Find the time of sun-set at Fetershurgh on the 2l8t 
of December ; and the altitudes at which &e sun appears 
at that instant to the inhabitants of the following places : — 

To the south, at St. Helena, Gibraltar, Land's End, and 
the Faroe Islands. 

To the north of the west of the Cape of Good Hope and 
Kerguelen's Land. 

To the north of the east of Cape Horn. 

To the south of the east of Antigua. 

5. find the time of sunset at Fetershurgh on the 21st of 
June,, its longest day, and describe the positions with re- 
gard to sim-light, of the above-named places at that instant. 



PROBLEM V. 

Remark, — ^We attended in Problem IV. Sect. I., and the 
succeeding, to the terrestrial globe as a model of our earth 
revolving on its axis in star-light ; and found the "diurnal 
arcs" of several stars ; that is, what portions of the time 
occupied by one rotation of the earth, were spent by places 
of given latitude in passing through the beams of a star of 
given declination. 

We have since seen (page 108) how a constant change of 
the declination of the sun, the source of our day, is effected; 
and have proceeded to view some of the consequences of 
his change of declination in different latitudes. Referring 
also to the annexed figure, we remark that, owing to the 
power of his beams, the, reflection of them upon *• the 
vapours and minute solid particles which float in our atmos- 
phere, and perhaps also, upon the actual material atoms of 
the air itself,*' is rendered so sensible to onr eyes, as to be 



tbe means of confeiring the important blesung of tvilight, 
which continues until the sun has descended 1 S° ; or, more 
correctly, (as the proper use ctf oar terrestrial globe explains 
to us,) until, by tbe rotation of the earth, we have been 
carried IS" beyond the reach of those of hia beams which 
fall directly upon its aurface. 

From the same cause we enjoy twHigJit for a correspond- 
ing portion of time before the sun rises; that is, before. 
by the rotation of the earth, that portion of its surface on 
which we dwell reaches his direct beams in the morning. 




Let tbe umoied ^nre ntprcKot oar 
earth wittt N, its north pole, elevated, 
Mj, 21 degrees ■boveTT', the termi- 
■utor ; then V will represent the spot 
*t which the son is vertical ; and it is 
evident that, as the earth rotates in the 
direction shown b; the arrows, a part 
of the guifsce will be deriving light 
from t', an illaminited portion of the 
atmosphere, long before it can receive 
the direct beami of the son by arriviDg 
at T. In the same muiner, after 
having lost them at T, the eastern 
edge of the terminator, it will conlinae 
to enjof them fbr • similar length of 
time, as they are reflected by the 
simiUr portion of atmosphere, t. 



TBBBBSTBIAI, QLOBB. 

The month, day, aad how at anyplace being given, to find 
that particular place on the earth where the sun is vertical, 
and alt others thai have noon ; those places also which have 
morning twilight, and those to which the sun is rising ; those 
places where the sun is setting ; those which have evening 
Itoilighi ; and those places at which it is midnight. 

Repeat the following: — 
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IKsc, (def. 57) ; Eclipse, (def. 58) ; Eclipse of the Son, (def. 69) ; 
Edipse of the Moon, (def. 60). Read the preceding remark, and 
describe the figure. 

RuLK. — ^Elevate the pole to the declination of the sun : 
the wooden circle of the globe will then represent the 
" terminator" of his direct beams for the given day. Bring 
the place at which the time is given to the brass meridian, 
and set the index to 12. Give the globe its eastward rota- 
tion until the index have passed over so many hours as the 
^ven lime is past the last noon.* And, lastly, affix the 
quadrant of altitude to the sun*s declination. All places 
coinciding with the upper semicircle of the brazen meridian 
have noon; whilst those coinciding with its under semi- 
circle have midnight. That particular place under the 
sun's declination has the sun vertical. The inhabitants of 
all places along the western edge of the terminator, see the 
sun in their eastern horizon, and are rising into his direct 
beams, having had the benefit of his twilight from the time 
of their being within 18° of this terminator. Those places 
along the eastern edge of the terminator have the sun 
setting in their west, as they are leaving his light ; and all 
those places have evening twilight which are yet not more 
than 1 8° depressed below the terminator. 

*^* The degrees of depression below the terminator^ are 
to be measured by the crepuscular graduation of the quad- 
rant ; and it will be well for the pupil to remark, that as 
each place is most depressed at midnight, there must be cer- 
tain places, (differing according to their latitudes and the 
declination of the sun,) which are within the twilight limit 
at that hour» and therefore have no real night. 



Examples. — Find where the sun is vertical, and where else 
it is noon; where it is morning twilight and where sun-rise ; 
where it is sun- set, where evening twilight, and where 
midnight, at the several instants of time given at the follow- 
ing places : — 



* It is much better to disregard the very trifling difference of de- 
clination due, in some instances, to the next day, than to reverse the 
proper motion of the globe for the purpose of Mnging back the time. 

M 
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1. 17th of February or 23d of October. Lisbon ^ past 

4 P.M. 

Answer, — Vertical, Lima. — Noon, Port Royal, west part of Caba, 
Cape '* Look Out,*' Washington, Lake Ontario, Isle of Juan Fernan* 
dez, SLC^^Midnight, Cambodia, Tonkin, Irkontsk, &g., Bencoolen, 
(nearly). — Rmng, Western of Sandwich Islands, Melville Island, 
Navigators' Isles, Friendly Isles, (nearly). — Mominff Twilight^ 
Aleouskie Islands, the Fejees, New Zealand. &€. — Setting, North 
of Iceland, North of Ireland, South-west of England, Iviza, Loango, 
Cape of Good Hope, (nearly). — Evening Twilight, Norway, Grer- 
many, Italy, Greece, Coast of Natal, &c. 

2. 19th of May or 24th of July. London, 24m. past 

10 P.M. 

3. 21st of June, (our longest day, or "summer soklice'*). 
Greenwich, 28m. past 4 a.m. 

4. 21st of March or 23d of September, (•' the Equi- 
noxes.") St. Helena, or Gibraltar, or Land's End, 5 p.m. 

5. On 21 St of March or 23d of September, when mid- 
night at London, or Havre, or Valencia, note a particular 
island which is about to have twilight at midnight. 

6. 21st of December, (pur shortest day, or "winter 
solstice.") Bombay, 20m. to 7 a.m. : where i& the sun 
vertical, where rising, &c. 

7. 2d of June or 10th of July. Blackheath, midnight, 
where is the sun rising, where setting, &c., and note par- 
ticularly, where twilight at midnight. 

8. Suppose that in a certain year, on the 5 th of January, 
at the time when the sun is vertical at Osnaburgh Island, 
(south-east of Otaheite,) the full moon be exactly opposite 
to the sun, and therefore totally eclipsed by the shadow of 
our earth ; at what remarkable place in Arabia is the moon * 
vertically thus ecUpsed ; what places, as the earth revolves, 
are leaving the sun-beams to behold her in this condition ; 
and at what places can the inhabitants, at that instant 
looking northward, point with the right hand to the sun 
rising in their eastern horizon, and with the left to the 
moon, setting thus eclipsed near their west ?t 

* The moon, at the time of total eclipse, is not inyisible, bat ap- 
pears of a tarnished copper colour. 

t In consequence of the refracting power of the atmosphere, the 
san and moon may, in this case, he both of them just above the horiion. 
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PROBLEM VI. 

TSKBBST&IAL OLOBB. 

The day of the year being given, to note all places to 
which the sun on that day does not set, and those places 
where the sun does not rise ; and to record his elevations at 
noon and midnight in the longitudes of the former places ; 
and his depressions below the horizon at noon and midnight, 
in the longitudes of the latter. 

Learn Polar Circles, (def. 68) ; Periscii, (def. 75). 

RuLB. — ^Rectify the globe for the north or south decli- 
nation of the sun : then, as will be seen, all places not 
more degrees from the enlightened pole than are equal to 
the sun's declination, or (which is the same thing) all 
places having latitude in the summer hemisphere greater 
than the complement of his declination, cannot lose his 
beams ; whilst those haying corresponding latitude in the 
other hemisphere, cannot receive them. 

2. Bring the given place, whether elevated or depressed, 
to that semicircle of the brass meridian which is graduated 
from the equator towards the poles ; and reckon the num- 
ber of degrees, the shorter way, between the place and the 
upper surface of the wooden circle, or '* terminator :" this 
^^U give the elevation or depression of the sun at that place 
at the mid-day of its longitude. 

3. Bring the given place to that semicircle of the brass 
meridian which is graduated from the poles towards the 
equator ; and the number of degrees reckoned, as before, 
between the place and the terminator, will give the eleva- 
tion or depression of the sun at the midnight of the longi- 
tude of that place. 

*j,j* The pupil will still bear in mind, that every place 
less than 18^ depressed, has twilight. 

1 . Find what places are having continuous sun-light at 
midnight of the 28th of May ; and, of these find, at each 
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of the undennentioned places, the elevation of the snn at 
mid-day, when their inhabitants see the sun southward ; 
and his elevation at midnight, when they look at him 
across the north pole, and see him northward : — 

North Cape of Lapland ; north point of Nova Zembla ; 
north point of Spitzbergen ; south point of Nova Zembla ? 

North Cape Lapland, noon 4\° ; midnight 3®. North point of 
Nova Zembla, noon 35^° ; midnight 8}^, &c., &c., &c. 

2. Find what are the depressions or elevations of the 
sun at these places on the 5th of November ; both when 
it is noon, and when it is midnight, at all places cones- 
ponding with them, severally, in longitude, and therefore 
in time ? 

3. On the 20ih of February, 1823, Captain Weddell 
reached 74^° of south latitude * Find the altitude of the 
sun on this occasion, at noon, when his crew looked north- 
ward at the sun ; and its depression at midnight, when 
€bey looked across the soutii poke towards that luminary, 
and, consequently, saw its light strongly reflected upon the 
clouds near the south point of their horizon ? 

4. What would have been the elevation and depression of 
the sun at noon and at midnight, to his crew, had they 
remained in that latitude until the equinox (March 2l8t); 
and would they have had any real night during the twenty- 
four hours of that day ? 



5. Find how much London is depressed below the ter- 
minator at midnight of the 21st of March, or of the 23d of 
September ; and how hi the sun must shine over the north 
pole (t. e., how much the north pole must be inclined to- 
wards the sun,) in order that London may be within the 
twilight limit at that hour ? 

6. What must be the north declination of the sun, that 
is, how far must the north pole of our earth incline into his 
beams, in order that the following places may have no real 
night during a portion of the summer: — ^Paris, Madrid, 
Rome, Edinburgh : — ^and at whidi of them cannot that cir- 
cumstanoe occur? 

* ^ajf kmgttnde in the given latitude maj be taken. 



MSRIDIAK ALnnmB AKD roK6ITt7DX. 125 



PROBLEM VII. 



TXBHBSTBIAL GLOBB. 



Given the longitude and the sun's meridian dUitude on a 
certain day, to foul the place where the observation was made. 

Read and explain, H, given with the diagram on page 19. Read 
page 49 in e]q)lanation of page 48. 

RuLB. — Since there are always 90^ between the horizon 
and the zenith, the complement of the altitude of any 
heavenly body, or what it wants of 90^ is equal to the 
zenith distance ; hence> — 

Find the sun's declination. Subtract the meridian alti'> 
tade from 90*", and it will show the meridian zenith dis- 
tance. Bring the given longitude to the brass meridian ; 
then, if the sun was south, and the place consequently 
north of where it was vertical, count ihe degrees of this 
zenith distance northward from the sun's declination, and 
it will show the zenith of the required place. If the sun 
was north of the place of observation, count southward of 
Che sun's declination in like manner. 



1. 20th May, 1839, longitude 64^ W. Sun's meridian 
altitude 77 J° and souUi of the place : where was I ? 

2. At sea. 3d March, in longitude 5f ** W. I observed the 
sun when on the meridian and north of my zenith, to have 
an altitude of 81° : where was the ship ? 

F^d the places at which the following observations were 
made on the days prefixed : — 

3. 6th July; Greenwich chronometer showing 20m. past 
9 in the morning ; sun on the meridian and south, at 48|*^ 
altitude. 

m2 
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4. 18th Sept. ; London time, as shown by my watch, 
being 8m. past 5, p. m.; sun on the meridian, and south of 
me ; altitude 74°. 

5. 15th Oct.; 13m. past 11, p. m. I observe an immersion 
of Jupiter's 1st satellite ; time given for this in the Ephe- 
meris, (London,) 10 o'clock, p. m.; altitude of sun last noon 
64|°, and north. 

6. On the 27th May, 1840, at Greenwich; (but on 26th 
May where I was ;) I observed an immersion of Jupiter's 
second satellite ; exact time at the place 50m. past 11, and 
latitude, as determined by the stars that evening, and by 
the sun at the last noon, 20^' S. Refer to page 34 of 
White's Ephemeris, given on our pages 52 and 53, and 
determine my station ? 



PROBLEM VIII. 



CELESTIAL GLOBE. 



Having a given day, to find at what time a certain star 
cornea to the meridian. 

Learn Aspect, (def. 89) ; Read page 50 in explanation of page 51. 
Explain the '' Speculum Phsenomenorum,'' on page 52, by attention 
to page 53. 

Rule. — Find the sun's right ascension, and note whether 
the star (above the horizon or below it) be situated E. or 
W. of the plane of the meridian, when the sun is coinciding 
with it. Find the right ascension of the star, and subtract 
the less R. A. from the greater : then, if the remainder be 
less than 180**, when turned into time it will show how 
much earlier or later than noon the given star culminates. 
If the remainder be greater than 180", subtract it from 
360", and what then remains, when turned into time, is 
the distance from noon. If the star be west of the sun it 
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will have culminated before noon; if to the east of the 
sun, it vnH culminate after noon. 

If the R. A. be given, as it frequently is, in time, sub- 
tract the hours and minutes of the one, from the hours and 
minutes of the other : then, if the remainder be less than 
12 hours, it is the difference of earlier or later culminating : 
If the remainder be greater than 12 hours, subtract it from 
24 hours, and what then remains is the difference of R. A., 
or of the time of culminating. 

The Problem may be performed mechanically by means of the 
sun's place and the index, as in the next Problem ; but the questions 
are so put as to elicit the diferenee of Right Ascension, and impress 
the cause of the daily alteration of that ^fferenoe. 



1 . There are three stars a, i9, y, of the 2nd. magnitude, 
in the constellation Andromeda : find the difference of their 
Right Ascension and that of the sun, on 21st March, and 
on the 4th April, (just a fortnight after) ; and the precise 
times of each of these stars coming to the meridian on 
these two days ? 

2. On 6th July, 1840, the planets had very nearly the 
following R. A. : — 

9 Mercury. . . . 8h. 44m. "1 

9 Venus 6h. 48m. 

^ Mars 7h. 24m. V Find, very nearly, their times 

% Jupiter .... 14h. 28m. ^of culminating on that day. 

7> Saturn I7h. 4m. 

^ Uranus 23h. 26m. 

3. On the 10th March, at what time does Sirius, (a of 
Ganis Major,) come to the meridian ? 

4. On the same day when do Altair, (a of Aquila,) and 
Regulus, (a of Leo Major,) culminate ? 

5. Find at what time Betelgeux, and Castor, and Vega, 
culminate at any place on the 22d of December ? 



i;l 
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PROBLEM IX. 



CBLR8TIAL GLOBE. 



The day, and hour, and the latitude of the place being gtveut 
to find what stars are rising, culminating, and setting ; and 
80 to arrange the axis of the globe, as that the stars depicted 
on its surface may, each of them, be exactly opposite their 
corresponding stars in the heavens. 

Repeat the following : — 

Astronomical and Cml Reckoning, (def.82) ; Sidereal day, (def.83); 
Solar day, (def. 84} ; Compass, (del. 36) ; Variation of the Compass, 
(def. 37). 

RuLB 1. — Elevate the pole to the latitude of the place; 
this will bring the proper declination to the zenith, and 
cause the wooden circle to represent the horizon. 

2. If the noon of the given day have passed, find the 
Bun*s place for that day : if the noon of the given day 
have not yet passed, find the sun's place for the preceding 
day. 

3. Bring the sun's place so found to the meridian ; set 
the hour-circle to 1% and turn the globe, (westward,) bo 
many hours* as the given time is past the last noon. Then 



* It is of great importance to learners of the use of the Globes, 
whose study, in many instances, ought to be a constant correction of 
erroneous impressions respecting appearances and realities, to be 
guarded against moving either of the Globes in the wrong direction; 
excepting so far as may be necessary when making a mere search on the 
surface (as in Prob. I., IX., &c. of Sect. 1st.) Our method of reckon- 
ing from the last noon, and giving the celestial globe (a model of the 
sphere of stars) its own westward apparent motion, will, we are con- 
vinced, be found to prevent perplexity. The same remark applies to 
the eastward rotation of our earth, and the representation of this 
real motion by the terrestrial globe. 
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the Stars appearing on the eastern semicircle of the horizon, 
are those which are rising ; those coinciding with the gra- 
duated edge of the brass meridian are culminating; and 
those on the western semicircle of the horizon are setting, 
at the time proposed. 

N. B. If the question (as No. 1 1) relate to the place 
and time at which the Problem is performed, make the 
brass meridian coincide with the plsme of the meridian of 
the place by the compass, (as directed in def. 37.) Then, 
the problem having been performed, if the flat end of a 
pencil be placed upon any star, its point will be exactly 
directed to the corresponding star in the heavens.* 



1 . What stars, or parts of constellations, are rising, cul- 
minating, and setting, at Petersburgh, on 16th January, at 
i to 7. p. M. ? 

2. What stars, or parts of constellations, are rising, cul- 
minating, and setting, at Petersburgh, at the same time of 
evening, on 26th January, (10 days after the preceding 
date) ? 

Find the stars, or parts of constellations, rising, cul- 
minating, and setting, to the inhabitants of the following 
places, at the following times at those places : — 

3. London, or Reading, or Bristol, 21 Dec. at| past 

1 « A. IC. 

4. Cape Horn, 16th August, | past 2, a. m. 

5. Jamaica, (North point,) 17 November, 11, p.m. 

6. Otaheite, 17 Nov. 11, p.m. 

7. Quito, 3 Sept. J past 8, a. m. 

8. Quito, 3 Sep. | past 2, p. m. 

9. The following places are on the same meridians, and 
therefore have corresponding clocks : find what stars are 
rising and setting at each of them on 8th August, at | 
past 10, p. M. to show the consequence of a change of 
latitude : and note, particularly, the effect on the rising of 

• The stars are all a little out of place by refraction ; but those 
near the horizon, and most affected by it, are not so affected as to 
appear displaced in this case. 
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a of Pisces — St. Helena, latitude 16° S. ; Land's End, 
latitude 60 N. ? 

10. What stars, or parts of constellations, rise, culmi- 
nate, and set, to the inhabitants of Madrid, or Philadelphia, 
or Pekin, at the several instants when it is three o'clock 
in the morning to these places, on the 1 5th May ? 

1 1 . Point to the several principal stars of the constella- 
tions displayed in our hemisphere at Blackheath, at ^ past 
8 o'clock, of the following evenings : 27th April, 1st June, 
22d August, 30th October, 1st December, and record 
those that are rising at that time ? 

12. Let the pupil be imagined to be in the same latitude, 
vi2. 51§ N.; but just south of Queen Charlotte's Island, and 
the time there to be ^ past 8 o'clock : then, being situated 
westward of the magnetic pole, (see Magnetism) and the 
variation, consequently, being East, (say about l^'',) let 
the same stars be pointed to. 



PHENOMENA OF THE FBIGin ZONES. 

Remark. — We have seen (Prob. III. p. 112) that the 
greater the declination of the sun, the greater his northern 
or southern ampHtude in any latitude ; the effect being to 
lengthen the day or to lengthen the night, according as the 
declination has, or has not, the same name with the lati- 
tude. 

We have seen, also, (Prob. VI. p. 124,) that the inhabi- 
tants of certain latitudes cannot lose the sun-light during 
the days on which the sun has greater declination in their 
hemisphere than is equal to their distance from the pole, 
or their co- latitude ; and that when his declination is such 
in the^opposite hemisphere, they cannot receive his rays. 

In the north frigid zone, from the 21st of March, 
(when, as in lower latitudes, he rises duly east to set duly 
west, and give a twelve -hours' day,) the sun has beendividing 
the twenty- four hours unequally, making his daily visits 
more and more exceed the periods of his absence, by taking 
his departure in the evening of each succeeding day at a point 
of the horizon nearer to the north; and returning in the 
morning at a corresponding nearness to the norti^ on the 
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other side of the meridian. Thus, at last, the long period of 
scmlight arrives, when, so to speak, he makes his setting and 
his rising at the same instant, by touching, only, the north 
point of the horizon, after a twenty-four hours' circle above 
it; (like a of Lyra in the latitude of Greenwich). Each 
completion* of a revolution of twenty-four hours, now finds 
him over this northern point, (his lowest,) at a little in- 
crease of altitude, until the 21st of June ; after which, 
each revolution, as gradually, finds him lower there, till he 
dips as before, day by day to dip and to emerge farther and 
fc^her from the north, and thus to lengthen his absence. 

The 23d of September finds him again in the east and 
west, dispensing twelve hours of light, as on the 21st of 
March ; but now, as he proceeds in southern declination, 
the day dwindles as his amplitude increases, until he makes 
his rising and his setting at once by touching only the 
south point of the horizon, to leave them, first to twilight 
and then to darkness (again to be relieved by twilight) for 
a period corresponding (nearly) to his lengthened visit at 
the opposite season of the year. 

At length the southern portion of the horizon is again 
tin,^ed with bright red, and becomes increasingly sufiiised 
with it 'at the noon of each revolution: then follow the 
noons of the appearance of increasing portions of his disk; 
and then again, his rising and setting, to give, first, a day of 
minutes, increasing, as he proceeds to rise and set feuther 
and farther from the south through the equinoctial east and 
west, to the day of twenty-four hours, at the midnight of 
which, as before described, he touches the extreme north to 
remain above the horizon. 

*3,5* This will serve for a description of the circumstances 
of the antarctic, or south frigid zone, if we reverse the order 
of it by substituting the southern point of the horizon for 
the northern one; the 21st of December for the 21st of 
June ; and the 23d of September for the 21st of March. 



The learner will have observed, that the higher the lati- 
tude of the place, the more inclined to the horizon is the 



* i. e., the midnight of the longitude. 
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apparent daily course of any heavenly body. In latitude 85^, 
for instance, the sun, which, at midnight of the 3d of April, 
touches the northern horizon, obtains an elevation of ten 
degrees only in proceeding from the north to the south 
during the succeeding twelve hours ; such being his alti- 
tude when greatest, or at noon of that date. At the pole 
itself, where the inhabitants, if any, have a parallel sphere, 
(the equinoctial line describing their rational horizon,) "*" 
the place of the sun in the sphere, when he has not too 
great south declination, must, for weeks, be traceable, first 
by the point of strongest twilight, then by the point of 
most vivid redness, which will appear to traverse the whole 
horizon each twenty-four hours as the scenery rotates 
around the observer. When the sun's north limb (the 
upper portion of his circumference) first shows itself, (in 
consequence of refraction some days before the 21st of 
March,) it is gUding thus along : in the course of a few 
hours this floating segment of his disk visibly increases ; 
then his centre appears ; then his whole form : and thus 
he continues to ascend, in a course reaUy spiral, but not 
perceptibly so, until, on the ^Ist of June, three months 
from his rising, he has attained his greatest altitude of 
23° 28' by attaining his greatest north declination ; again 
to descend during three months, (21st of June to 23d of 
September,) by the same spiral course, to the equinoctial 
in the horizon. 



PROBLEM X. 



CELESTIAL GLOBE. 



Having a latitude within the north Frigid Zone, to find 
the length of the period of the continual presence or ab- 
sence of the sun ; and to note some of the phenomena of the 
heavens during those periods. 

* At the poles, the distinction of east and west could not obtain, 
the whole horizon being to the south, and the polar point in the 
zenith. 
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Kead over and explain the remarks on pp. 130 — 132. 

RuLB. — 1. Elevate the pole to the latitude, and mark 
the two points in the ecliptic which are cut by the brazen 
meridian in the north point of the horizon : the day answer- 
ing to that point of the ecliptic in which the sun is coming 
northward, is the day of the commencement of the long 
period of sun-light ; and the interval between this day and 
the day answering to the other point, will give that period. 

2. Note the two points of the ecliptic which are cut in 
like manner by the south point of the horizon, and the in- 
terval between the two corresponding days, reckoning from 
that on which the sun is going southward, wiU give the 
period of his long absence. 

*^* The quackant of altitude fixed in the zenith, will 
measure altitudes and depressions as before. It must be 
remembered that the sun, whether above the horizon or 
below it, is always crossing the south of the meridian at 
noon, and the north of it at midnight. 

Observe, the sun must be 1 8° depressed in order that 
stars of the sixth magnitude (and therefore the whole) 
may be seen at their rising or setting. 
Stars of the Ist magnitude may appear at their rising or 

setting when he is depressed 12*^ 

of the 2d 13° 

of the 3d 14^ &c. 



1. Messrs. Scoresby, in 1806. attained the latitude 
of 81|° N. . On what days does the sun there begin and 
end his visit of longest continuance ; and how long might 
Messrs. Scoresby have viewed the sun continually above 
the horizon, had their avocations permitted their stay in 
that latitude ? 

2. What are the different altitudes of the sun at the 
following hours of the following dates in latitude 82" 40', 
attained by Captain Parry in his attempt to reach the pole 
across the ice during June and July, 1827 ? 
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V ^d f J / ^^ nudnight,(a) at 4 a. m. and 10 a. m. 

\ At noon, at 2 p. m. and 8 p. m.(6) 
22d of August, at 6 a. m. and at 6 p. m. 

The * * fields * ' of ice are formed on the sarface of the sea, and are the 
congeLition of salt water. Icebergs which are the accumnlated produc- 
tions of centuries, and which sometimes attain the altitude of a 
thousand feet before they float, are formed near the cliffs of the 
shores, entirely from the fresh water, which proceeds in torrents from 
the meltings of the snow during the periods of the long preseD(x of 
the sun. In the journey of Captain Parry, referred to above, he 
failed to reach the 83°. He found, on taking his observations, that 
the vast coYering of the ocean over which he was traTeUing, was 
drifting daily faster southward than his party conld traverse it to- 
wards the north. 

3. In 1754, Mr. Stephens is said to have reached lat. 
84 J°. How long (without considering the effect of refrac- 
tion) does the sun continue above the horizon in that 
latitude } 

It is commonly during June that the vast shoals of ice formed from 
sea- water, are broken up : they are not dispersed and dissolved, (eren 
where the locality admits of it,) until the end of that month. A dense 
fog then generally rests, for some weeks, on the sea-surface ; the 
higher land alone being exposed to the sun-beams. When this fog 
disperses, the heat, which has been accumulating during so many 
weeks from the continuous though slanting rays of the sun, is so in* 
tense as to cause the pitch to run down the sides of vessels. 

CAPTAIN parry's FIRST VOYAGE, A.D., 1819. 

Melville Uland.Ut. 74f°,November 11. " Mr. Ross, having gone 
to the mast-head at noon, reported that he saw the sun. * * * 
On the following day we expected to see the sun again, and looked 
out from the mast-head for that purpose, but he did not re-appear." 
(page 115). 

4. Refraction caused his appearance as described above, 
at noon of the 1 1th of November. How far {c) was the sun 
really depressed at noon on that day in that latitude ? 

(a) To avoid the stronger snow -glare, and to ensure the greater 
dryness of the ice. Captain Parry's party dined at midnight, travelling 
during five or six hours before and after that hour ; and availing them- 
selves of the greater portion of warmth, when the sun was higher, for 
resting and sleeping. 

{b) At 2 p. M., the same as at 10 a. m., &c. 

(c) The thickness of the wooden horizon will render it awkward to 
examine that portion of the ecliptic in which the sun is situated: to 
answer this question, therefore, find the sun*s declination, and con- 
trast it with the declination in the south point of the horizon or the 
co-latitude. 
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K«T. 17. " At noon to day we aaw, for the iirat time at this honr, 
a star of tbe first magnitude (Capella) ; and, at half an hour past 
noQDy those of the second magnitude in Ursa Major, were visible.'* 
0). 116.) 

5. What was the sun's depression at noon of Nov. I7}(d) 

6, What were the azunuth and altitade of Capella, and 
of Arcturus ; and why was Arcturus not then seen as well 
as CapeUa }(e) 

February 3d. " At twenty minutes before apparent noon, the sun 
was seen from the Ilia's main-top, (fifty-one feet above the sea,) 
being the first time that this luminary had been visible to us since the 

llth of November, a period of eighty-four days ; or days less 

than the time of its remaining actuaUy beneath die horizon, inde- 
pendently of the effects of atmospherical refraction.'' — (p. 139.) 

7. On what day would the sun have re-appeared (/) had 
there been no refraction; and on how many additional 
days have the inhabitants of that latitude the advantage of 
a portion of sun-light in consequence of this beautiful 
arrangement of Divine providence, which rendered the sun 
visible on the 3d of February ? {g) 

" A column of light had been observed by Captain Sabine, (on this 
day, 3d of February,) at 10 a. m., immediately over the spot where 
the son was." — (p. 139.) 

8, GKve the depression of the sun at that time, and the 
point of the horizon in which this column of light appeared ? 

CAPTAIN FABBt's SBCOND VOTAGB, A.D., 1821. 

Winter hlandf where Captain Pcurry's ships were blocked up 
during the winter-months of 1821, is in lat. 66^^, (not quite within 
the Arctic circle.) He had three hours daylight, for writing in tbe 
cabm, on the 21 st of December. 

Tgloolik, lat. 69J*», Dec. 2, 1822. " At apparent noon, days 

after the sun had, independently of the effects of refraction, set to us 

for a period of more than ^weeks, we caught a glimpse of its upper 

limb from the deck of the Fury."-r(p. 383.) 

id) See note (e), 
e) Consider how it was that one of these stars was, at this hour, 
involved in strong twilight. 

(/) t. e,t when, after his long absence, did he again attain declina- 
tion oorresponding to the co-latitude. 

(jgl) The days of his appearance by refraction, qfter he has really 
ceased to rise, (viz., at Uie beginning of their long winter period,) are 
as many as those fbund here ; hence we must double the number of 
days to answer the question. 
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Jan. 5, 1823. " The sky looked so red towards noon, that we 
Were induced to look out for the sun from the mast-head, but without 
success, though we could not help fancying every moment, that it was 
about to burst above the horizon." 

9. Find the length of the long period of the sun's absence 
at Igloolik, and aUo the days during which he is constantly 
above the horizon there. 



CAPTAIN PARBT*8 THIBD Y0TA6B, 1824, 1825. 

Port Bowen, lat. 73^^, <<As early as the 20th of November, 
Arcturus could very plahily be distingmshed by the naked eye, when 
near the south meridian at noon." 

10. Find the altitudes and azimuths of Spica Virginis, 
Regulus, Castor, and Capella, and of a of Lyra and Altair, 
at Port Bowen, at noon of the 20th of November ; and, 
since Arcturus could be thus distinguished at noon, show 
why certain of these several stars might or might not also 
be discernible ? (h) 

11. The most remarkable of all the stars has declina- 
tion very nearly corresponding to the co-latitude of Port 
Bowen ; and, consequently, is visible in the south pomt of 
the horizon, when culminating in that latitude ; at what 
hour does this take place on the 20th of November, and is 
the depression of the sun then such as to admit of this star's 
being seen ?(t) 

12. What declination must the sun have, in order that 
his twenty-four hours' course at Port Bowen, may be 
exactly similar to that of Aldebaran; and on what two 
days of the year does this occur ? 

13. What is the greatest depression of fi Leonis at Port 
Bowen ? 

14. In what latitude is the course of Arcturus nearly 
similar to that of Aldebaran at Port Bowen ;(k) and what 
is the length of the sim's long period in that latitude ? 



(A) One of these stars was too near the horizon and the twilight ; 
others of them were more favourably situated than Arcturus. 



it) See the observation at the end of the rule. 



[k) t. e., in what latitude does the northern, or " lower colmiBS- 
tion*' of Arcturus, just touch the horizon ? 
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15. On what day does the sun oease to give twilight to 
the North Pole, and on what day does twilight begin 
again? (/) 



PROBLEM XI. 



TJERBB8TRIAL OLOBB. 



A number of days being given during which the sun is 
above tie hoi-izon or below it in the Frigid Zones, to find the 
latitude and the places. 

Leam " climate" (def. 80.) 

We have seen (particularly from Examples I and 9 of the laat 
problem) that if a heayenly body have declination equal to the co-Ia- 
titnde of a place, it cannot rise, or cannot set there, according as the 
declination has, or has not, the same name with the latitude. The 
21 St June and the 2l8t December are the days of greatest declination 
o{ the sun ; on these two days, therefore, either he is at his greatest 
elevation or at his lowest depression in the Frigid Zones ; they are 
the middle days of the long period of light or of darkness. Hence — 

For the long period of sun-light. 

RuLB. — ^Take half the number of days, and reckon them 
from the 21st of June : that declination of the sun which 
answers to the last day vnR give the co-latitude. 

For the long period of the suns absence. 

Reckon half the number of days from the ^Ist of 
December, and the declination of the sun answering to 
the last day will give the co-latitude. 

The latitude may be found by subtracting the co-lati- 
tude from 90° ; or the places may be seen as they pass 

(/) It must be remembered, that the equinoctial coincides with the 
horizon of the north pole, and that, consequently, the sun's depres- 
sion at any date of the winter period, is equal to his declination. 

n2 
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below tbe pole, the under semi-circle of the brass meridian 
being graduated for co-latitude. 

*^* If these periods be required for the South Frigid 
Zone, for 2l8t June read ^Ist December. 



1. In what part of the North Frigid Zone have the 

inhabitants, if there be any, constant sun-light for 1 58 days ? 

Here, (half the namber of days being 79,) the 9 days remaining in 
June, the 31 of July, the 31 of August and the first 8 of Septem- 
ber will make up the half period, and point out the declination of 
the sun, when he sets, to be 5\^ north ; hence the latitude must be 

2. In what part of the North Frigid Zone are the inha- 
bitants, if there be any, deprived of sun-light for 149 
days ? * 

3. In what part of the South Frigid Zone would the 
sun be absent during exactly 103 days, if the refraction of 
the atmosphere did not cause his disk to appear for some 
days above the horizon when he is really below it ? 

4. In what latitude of the South Frigid Zone would 
the sun be present exactly 97 days, if the same circum- 
stance did not lengthen the period of his constant appear- 
ance ? 

5. In what latitude, north, is the sun above the horizon 
during 133 rotations of the earth about its axis ? (m) 

6. In what latitude, north, is the sun totally absent 
whilst the earth is turning on its axis 126 times ? 

7. Find the latitudes (and any places situated in them) 
which are the boundary latitudes of the month climates ; t. e. 
those latitudes which have their long periods of sun-light 
one, two, three, four, and^w months, reckoning 30 days to 
the month ? 

Conversely — 8. By how many days does the period of 
the sun's constant presence at the north pole exceed that 
of his absence, whilst above the horizon of the south pole ? 

* If the number of days giyen be uneyen, the 21st December or 
the 21st June need not be included. 

(m) The pupil is requested to note any remarkable coincidence that 
may present itself in answering these questions. 
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PROBLEM XII. 

TBRBBSTRIAL OLOBB. 

To find what places are situated in a given climate. 

Conversdy, To find the climate in which a given place 
is situated. 

Repeat Zones, (def. 71) ; with the smaller print following that 

de/lmiion. 

Since the climates of the Torrid and Temperate Zones are dlTi- 
sions in latitude depending on the ha^^hourB of their longest day, 
and the son sets so much after 12 as it rises before 12 ; the snn-set 
of the longest day in any one of these climates mnst differ exactly a 
9^torter of an hour from that of the climate to the north or to the 
south of it. We have learned that the length of any given day 
depends entirely upon latitude : hence any meridian may serve to 
luark the boundaries of these climates, in the following manner ;— 

For the Northern Hour Climates, 

Elevate the north pole 23^**, (the declination of the sun 
on the longest day) ; bring that portion of the first meii* 
dian* which cuts the equator, to the east of the termina- 
tor, and set the index to 6, (the invariable time of sun-set 
there,) Turn the globe such a portion of its rotation as is 
nieasured by the number of quarter-hours agreeing with 
the number of the climate ; and that portion of the meri* 
dian which is then setting out of sun-light will be of the 
latitude which is the northern boundary of the climate re- 
quired. Find its latitude by bringing it to the brass 
meridian, and the places may be seen as they pass un- 
derneath that latitude. 

(Conversely, — To find the climate in which a given place 



* We take the first meridian as the most convenient ; especially as, 
on some globes, the degrees of ktitude are marked upon it. 
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18 situated. Having the pole elevated, as before, for the 
Sim's greatest dedinatioii, bring the given place to the 
brazen meridian, and set the index to 12 : give the gbbe 
its eastward rotation, and the number of quarter^Jumn 
past 6 at vjrhich the given pkce sets out of sun-light, wiU 
show the climate in which it is situated. 

The hour climates of the southern hemisphere may be 
found in a similar manner, the south pole being elevated 
for the 21 St December ; or, they may be inferred from the 
corresponding latitudes of the north. 

*^ If the several portions of a meridian thus differiog 
by quarters of an hour in sun-setting, be marked by a dot 
of ink from a soft pen'*', it will be seen that whilst the 
first of these geographical divisions contains nearly 8^^, 
they are so crowded in the high latitudes as to render it 
impossible to distinguish these with great accuracy on the 
globe ; there are 8 climates between latitude 64** and lati- 
tude 66^^ 



1. What places boimd. the 1st climate north of the 
Equator, and what bound the 2d ? 

2. What places are situated in the boundary of the 
3rd climate ? 

3. What places are situated in the boundary of the 
7th climate ? 

4. What places are situated in the boundary of the 
Oth climate ? 

5. What places are situated in the boundary of the 
14th climate ? 

6. What places are situated in the boundaries of the 
19th 20th and 24th climates ? 

Conversely. 

7. In what climates are the following places situated ? 
Malacca, Delhi, Havannah, Gribraltar, Jerusalem, Pekin, 
London, Edinburgh, Archangel, Mount Hecla, (Iceland.) 

« A smaU blot of ink may easily be wiped off from the varnished 
surface of the globe ; a pencil will probably scratch it. 
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XQUATIOK OF TIME. 

If OUT earth's axis were perpendicular to the plane of 
the annual orbit, (t. e, if our tee-totum button were spin- 
ning in an upright position,) it is shown in pages 106 and 
107, that the lines, on the wall or in the sky, which repre- 
sent the positions of the ecliptic and equinoctial planes, 
might be considered as one line ; their separation being so 
little as to be insignificant, when considered with the dis- 
tance of the wall, &c. 

Now the earth's diurnal rotation, rudely represented by 
the spinning of our tee-totum, is the most equable of aU 
Imown motions ; astronomical science having records which 
prove that it has not deviated by any appreciable fraction 
of a moment during 2000 years. The time of the sidereal 
day which brings a star back to the exquisitely delicate* 
cross wires of the transit instrument, is fulfilled each xevo- 
Itttion to the hundreth portion of a second. It is then, 
evident, that if, whilst so rotating in an upright position, the 
earth's orhitual motion also were uniform, tiie sun (or baU) 
would appear to traverse the ecliptic (in this case the 
8ame witii the equinoctial) in uniform daily portions ; and 
each noon, or completion of the solar day, would bring his 
centre also into the exact centre of a telescope (so fixed as 
to be directed to his altitude) at the precise moment of 
time indicated by an exact dock, constructed (as our clocks 
ue) to beat unifonnly to such an interval. 
Now, there are two circumstances which prevent this : — 
First. The alternate acceleration and retardation of 
the earth's orhitual motion, as it gets nearer to the sun or 
goes farther from it in an elliptical course ; and the con- 
sequent faster or slower apparent movement of the sun in 
the ecliptic. 

And, secondly » the inclination of the earth's axis (our 
button peg) as shown on page 108 ; and the consequent 
obliquity of the equinoctial to the ecliptic. 

Hie effect of the former of these two circumstances is 
not exhibited by the globe; except as we have found it 
in the fact, that the long winter periods of the North Frigid 
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Zone, are shorter than the long periods of sun-light ; the son 
spending fewer days in the southern portion of the zodiac. 
(Proh. XI., Examples 5 and 0). How hi the obliquity of the 
ecliptic to the equinoctial interferes to produce a disagree- 
ment between the sun-dial and the dock, may be xrakr^ 
stood in solving, by the globe, such questions as those which 
are contained under the next probleou 



HIOBLEM XUI. 

CSL28TIAL GLOBE. 



To find that portion of the equation of time which restdts 
from the obliquity of the ecliptic. 

Repeat ridereal day, (def. 83) ; Solar day, (def. 84) ; Apparent 
noon, (def. 85) ; Trae or mean noon, (def. 86) ; Equation of time, 
(def. 87), reachnf; its note* 

Rule. — ^Find the sun's place! in the ecliptic, bring it to 
the brass meridian, and count the number of degrees from 
the first point of Aries to the brads meridian on the equinoc- 
tial and on the ecliptic : the difference, reckoning fov 
minutes of time to a degree, is this portion of the equation 
of time. If the degrees on the ecliptic exceed, the stm is 
fiister than the clock : if the degrees of the ecliptic are 
deficient, the sun, (as fer as this circumstance is concerned,) 
IB slower than the clock. 



1. When the sun has no declination, (t. e, at the equi* 
noxes,) it is evident that^ as far as the obliquity of the 
ecliptic is concerned, sun-dials and clocks agree : but sap- 
posing thatfromthe 21st March until the 1 9th April tbesus 
had iMTOceeded 30* in the equinoctial instead of in the edqytic, 

how much later (in absolute time) would he hare come to 
any meridian on that day ? 
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% How much sooner (regardmg the absolute duration of 
time) is the sun on our meridian on the 5th June, than he 
would have been had he fulfilled his 75° of apparent motion 
(from the 21st March to that date) in the equinoctial line ? 

3. Does the sun, on the 10th July, come to the meridian 
before or after the time at which he would have come to it, 
had be, from the Slst March, performed his apparent course 
of 108^ in the equinoctial : t. e, had the ewUi's axia been 
perpendicular to the plane of its orbit ? 

4. What is this portion of the equation of time on the 
6th and 28th September, 1st November, 21st Decem- 
ber, and 16th February ? 

5. Refer to the note to definition 87, and find, by the 
globe, what portion of the equation of time is due to the 
obHquity of the ecliptic, and what portion, consequently, is 
dne to tiie unequal rate of the earth's' orbitual revolution, 
on the 1st September, the 1st November, (a) and the 12th 
February. 



PROBLEM XIV. 

CELESTIAL GLOBE. 



The latitude, day, and howr being given, to find the aximuth 
or bearing of the sun or of a star, and its altitude* 

Conversely. — To find the hour of a certain day, and the 
altitude of the sun, or of a star, the azimuth trnd latitude 
being given. 

Rule. — Rectify the globe for the latitude : bring the 
sun's place for the last noon to the meridian, and set the 
index of the hour circle to 12. Turn the globe until the 
index have passed over the number of hours elapsed since 
the last noon ; and the quadrant, affixed to the zenith and 

(a) Since, from both causes, the sun dial is — minutes faster than 
tbe dock (as given in that definition) and since the sun is only ~ 
minutes faster in consequence of the obliquity of the ecliptic ; it is 
evident that the remainder is owing to the other cause. 
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inade to pass over the sun's place, or the star, will show its 
altitude on the graduated edge, and its azimuth where the 
graduated edge cuts the horizon. 

Conversely. — ^The pole being elevated to the latitude, and 
the sun's place being brought to the meridian for setting 
the index to noon, — let the quadrant be made to cut the 
horizon in the given azimuth : then, the sun's place, or the 
star, being brought to coincide with its graduated edge, it 
will point out the altitude, whilst the index is showing 
the hour. 

*^* At noon and midnight the azimuth of the sun b 
nothing. At any time after culminating the altitude and 
azimuth of the sun, or of a star, are such as they were 
at a corresponding interval before culminating, so that 
the pupQ may always find the azimuth and altitude of the 
sun for a morning hour by taking those of the correspond* 
ing afternoon hour. It is true the sun's motion in the 
ecliptic, and, consequently, his change of declination are 
going on ; but they are insignificant for so small a portion 
of time. 



1 . Find the azimuths and altitudes of Algol (/3 Persei) and 
Vega (a Lyrae) at 24m. past 5 p. m. of the 25th November 
at Edinburgh. 

Find the altitudes and azimuths of the sun as required 
below : — 

2. Madrid, 28th July or ISth May, at half past 3 p. m. 
and half past 8 a. m. 

3. London, 19th November or 22d January, at three 
quarters past 1 p. m. and a quarter past 10 a. m. 

4. Cape of Good Hope, 19th November or 22d January, 
at three quarters past 1 p. m. and a quarter past 10 a. m. 

" I well remember going on deck with a certain flutter of spirits to 
see, for the first time in my life, the sun to the northward, and moving 
from right to left, instead of left to right. No one doubts that the 
earth is roand ; yet these conspicuous and actual proofs of its rotun- 
dity always amuse the fancy and frequently interest the judgment. * * 

'' At one time the sun, even at noon, was seen creeping stealthily 
along, low (a) down in the horizon, at another his jolly countenance was 



(a) That is when the ship was yet in the high latitudes. 
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blaring away right dver head. On the 6th May when onr latitude was 
17} north, the sun's declination was 16^**. • • • Shadows 
we iud none." Capt. Hall's Fragments, Vol. 1, 2d Series, p. 149. 

" The gradual rise, night after night, of new stars and constellations, 
belongs to a still higher order of curiosity ; for it not merely places 

well known ohjects in strange positions; hut brings totally new 

objects of contemplation before our eyes." Ibid, 

5. What are the azimuths and altitudes of a of Crux, 
Canopus, Sinus, and Rigel, at Swan River (Western Aus- 
tralia) lat. 32** S., at three quarters past 9 p/ m. 16th 

February ? 

6. latitude 74i° south on 13th December. Find the 
azimuths and altitudes of the sun at noon, (b) at 10 p. m., 
at midnight, and at 2 a. m. of the next day. 



Any heavenly body having more degrees of declination 
m the same hemisphere with a given place than correspond 
to the latitude of diat place, will have the same azimuth or 
bearing twice before and twice after it culminates. Hence 
tbe sun, during several da3rs of the year, when to the north 
of places lying between the northern tropic and the equa- 
tor, will appear at those places on the same point of the 
compass twice in the forenoon and twice in the afternoon ; 
and the shadow of any church-spire or other perpendicular 
object must consequently ** go back;" retracing, for instance, 
a part of the progress which it made from the south towards 
the west, whilst tibe sun was making his way from the north 
to^rards the east ; as his bearing from the north becomes less 
again before he culminates. 

Had the " sun-dial of Ahaz," (Isaiah xxxviii.) been 
situated in the torrid zone, instead of at Jerusalem, (latitude 
32° N.) the circumstance of the shadow of some of its 
"degrees" bemg brought back, would not, at a certain 
tune of year, have been miraculous. The astronomical 
Babylonian princes sent ambassadors to Hezekiah " to en- 
quire of the wonder that was don^ in the land*' on occasion 
of that king's recovery from sickness. 

Conversely. 

7. Ghreenwich, 1st January. What is the hour at which 
I^bhe (fl UrssB Majoris) has azimuth 35° north towards 

(^) Here the sun was north at noon and south at midnight. 

o 
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east ; and at what time and with what altitude will it again 
have the same azimuth before it cuhninates ? 

8. My garden wall, at Bkckheath, stretches 20° north of 
west: at what hour on the 21st of June does the sun 
begin (a) to shine on the grape vine trained over its southeni 
face ; and during how many hours does it shine upon it on 
that day, there being no impediments ? 

9. In latitude 35° north, on the 23rd September, at what 
hour will Capella bear exactly north-east ; and at what 
hour, and with what altitude, will it again have the same 
bearing before it culminates ? 

1 0. At what hour on the 1 st July will the sun first appear 
east-north-east at Port Royal, Jamaica, and at what hoar 
of that day will he again have this bearing, after having 
cast shadows to the north of west-south-west ? 

11. At Lima, on the 20th January, at what hour of the 
morning will the sun cast shadows 70° from the north to- 
wards the west, and at what time will shadows again have 
this bearing, after having been directed farther towards the 
south? 

12. At 3 o'clock p. M. of the 16th January, in a certain 
longitude on the parallel of 40P south, I observed the sun's 
" magnetic azimuth" to be 90°, or due west : how for was 
the sun, really, at that time, from this prime vertical (b) ; and 
how much, and in what direction, did my azimuth compass 
vary from the true meridian in that situation ? 



PROBLEM XVI. 

TERRESTRIAL OLOBE. 



Having the latitude, to find the two days of the year which 
are of a given length, and in what time that length of day is 
altered by a certain quantity, 

Bepeat again definitioiis 8, 13, 19, 11, 14, 33, 34. 

(a) It is evident that the sun will begin to shine on this wall when 
his azimuth is opposite the other end, viz. 20° S. of £. or more 
properly 70° E. of S. 

(b) The azimuth arc passing through the east or west is call^ the 
Prime Vertical. 
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Rum. — If the given length of day be the longer, snb- 
tTBct the given difference to find the shorter day : 

firing the given place to the brazen meridian, set the in- 
<lez to 12, and turn the globe until the index have passed 
over so many hours as are equal to half the shorter day. 
Keep the globe from rotating, and elevate the north or south 
pole imtil the given place coincides with the eastern edge of 
the terminator : the elevation of the pole will show the de- 
clination on the shorter day. Continue the rotation of the 
globe for half the difference, t. e. until the index have com- 
pleted half the length of the longer day ; and the pole, 
elevated as before to accommodate the given place to the 
tenninator, will show the declination on the longer day. 

There are two days corresponding to each length ; viz. one 
on each side of the summer solstice. If the days be increas- 
ing, take the interval between those two unequal days on 
which the sun is advancing towards the summer solstice ; if 
the days be decreasing, take the interval in which he is 
declining from it in like manner. 



1. What two days of the year are each 8 hours long 
at London ; and in what time is the day increased by 2| 
hours? 

Here, by bringing London to the meridian, setting the index, and 
tuming the globe 4 hours, I find that, in order that London may 
comcide with the terminator, the south pole must be elevated 22 i° ; 
answering to the 7th January, and 6th December. Tuming the 
globe U hour more, I find that, to bring London to the terminator, 
it is necessary to have that pole devated only 9 J**, and this answers to 
25th of February, and 17th October. As the place is north, and the days 
areincreasing,Itake the interval between 7th January and 25th Febru- 
ary, and find it 49 days. 

2. In what time will the day increase 2^ hours more, 
when thus increased to 10^ hours ? 

Here it will be found that the increase will be made in much less 
time, owing to the more ^apid change of the sun's declination. 

3. On what two days of the year is the sun above the 
horizon for 15 hours at Greenwich; and how many in- 
creasing days will elapse before he continues above the 
horizoa one hour more ? 
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4. What two days of the year are each 13 hours long 
at Petersburgh ; and in what time, from the latter of these 
two days, wUl the day have decreased 4 hours ? 

5. What is the difference in the declination of the sun 
when he rises (a) at 7 o'clock at Stockholm, and when he 
rises at 3 o'clock tiiere, and consequently gives 8 hours linger 
day; and how many days must elapse before this 18 
hours' day again dwindles to the length of the former ? 

6. What two days of the year are each 16 hours long 
at the Cape of Good Hope ? 

7 On what two days does the sun set at half-past 8 at 
Edinburgh ; and in how many shortening days will he set 
at half-past 7 ? 

8 In what time from the latter date will the sun set, at 
Edinburgh, at half-past 6 ? 



PROBLEM XVI. 



TBBRESTKIAL OLOBB. 



To find the situations of thepericeci, antceci, and antipod^ 
of the inhabitants of any place; and to explain some of th^ 
various phenomena in those situations. 

Leam definitions 77, 78, 79. 

Rule. — Make the poles of the globe coincide with the 
terminator, and bring the given place to the eastern edge; 
thus the graduations for amplitude will serve to point out 
latitude. If the given place be in north latitude, observe 
that latitude as shown in degrees of distance firom the east to- 
wards the north, and the same number of degrees to the south 
of the east point will show the antoeci ; an equal number of 
degrees from the western point towards the north wiU show 



(a) It will be recollected that the sun sets on any day bo many 
hours after noon as he rises before noon. 
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the perioeci ; and the same nmnber of degrees counted 
fivm the vest toward the south will give the antipodes. 

If the given place be in south latitude, for north read 
south, 8ic. 

*^* If the hour-circle be so fixed as to prevent the poles* 
being placed in the terminator, the antoeci may be seen by 
bringing the given town, &c. to the meridian, and observing 
the place also coinciding with the meridian, which corres- 
ponds in latitude of the opposite hemisphere. The index 
being now set to 12, let the globe be turned half way round, 
and the antipodes will be seen occupying the position 
of the antced, and the periceci be substituted for the given 
place. 



1. Required the antceci, perioeci, and antipodes of the 
island of Burmuda. 

Antoed a little north-west of Buenos Ayres, &c. &c. 

2. Where are the antceci, periceci, and antipodes of the 
west of Newfoundland } 

3 Where are the antceci of the Cape of Gk>od Hope ? 

4. Where are the perioeci of New York ? 

5. Where are the antipodes of Greenwich ? 



When our clocks are striking 6, and the summer sun is 
not yet set, our antOBci and antipodes have him just so much 
depressed as we have him elevated ; but whilst it is the 
darkness or twilight of winter evening to our antoeci, it is 
the darkness or twilight of winter morning to our antipodes. 

If the clocks are striking 6, and our winter sun has 
gone down, he is just so much elevated to our antceci and 
ant^des as he is depressed below our horizon ; but he is a 
summer evening sun to our antaci, and a summer morning 
sun to our antipodes. 

Our periaci, on the contrary, agree with us in season ; 
but they are the antipodes of our antoeci, and have opposite 
hours to theirs and our own. Hence, like our own antipodes, 
they are always as near to noon as we are to midnight ; 
but at the two instants of 6 o'clock of every twenty-four 

o2 
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hours, their elevation or depression of the son is equal to 
our own, except that their ascending sun is our descend- 
ing one^ and vice versd. 

The night sky of our antceci and antipodes is totally 
different from ours, the stars which never rise to us never 
setting to them, and vice versd ; that of our perkeci corres- 
ponds with ours, except that it is presented to them twelve 
hours later, and the moon, consequently, has considerably 
changed her place amongst the stars. 



To exhibit some of the Phenomena, 

Rule. — Find the antceci, periceci, and antipodes, by the 
rule just given, and mark each of them with a small dot 
of ink. Elevate the pole to the declination of the sun ; 
bring the given place to the meridian, and set the index to 
12 ; then turn the globe eastward until the index have 
passed over six hours. Affix the quadrant to the declina- 
tion in the zenith, and it will be found by applying it to 
these situations (whether elevated or depressed) that they 
are circumstanced with regard to sun-light as just described. 



6. What are the positions as to sun-light, respectively, of 
the antoeci, periceci, and antipodes of the inhabitants of 
Greenwich, when it is 6 o'clock p. m. on the following days : 
1st March, 25th May, 21st June, 21 st December ? 

7. Supposing the moon to be full and therefore opposite 
to the sun, when it is 6 o'clock p. m. at Madrid on the 28th 
October ; whether are the situations of Madrid and ks 
antoeci, periceci, and antipodes in moon- light or in sun-light; 
and, of those which have moon-light, which places have 
an ascending, and which a descending moon ? (a) 



(a) Here, the pole having been elevated to the declination of the 
snn, and the place of that luminary being thus represented by the 
degree of his declination on the uppermost point of the brazen moi- 
dian ; the moon's place, on this occasion, is represented by the dia- 
metrically opposite point of it, and she is giving light to all below the 
terminator ; those quitting sunlight entering into her light, &c., and 
any place having her at an elevation corresponding with its d^res- 
sion below the terminator. (See 8th question, p. 122.) 
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POLES OF THE SQtIINOCTIAL — POLE STAB — FIXED STABS 

POLES OF THE ECLIPTIC-— CELESTIAL LATITUDE AND LON- 
GITUDE, 

There is one drcomstance which may yet have been a 
stumbliiig-block tx> the enquiiiiig minds of our young 
Mends : viz. the ummrymg durecHon of the earth's am to 
one parikwlar point in the sky ; and the consequent unvary- 
ing ooirespondence of the parallels of latitude on our 
earth with the paraUeb of dedination in the sphere of stars 
around us, notwithstanding the earth's motion in her yearly 
ifrhii of nearly 600 millions of oar miles. We would recom* 
mend a revisal of the familiar illustrations given in G and 
H, on p. 5, and request attention also to what follows. 




As our tee-totum traverses the groove with its axis in- 
dined, (as proposed on p. 108. and illustrated there and 
by the annexed figure,) it is evident that the upper point of 
the peg must be directed to the different parts of a circle 
^^hich may be traced on the ceiling, and which exactly 
correspondis to the table in size ; but which is not imme- 
diately over the groove or orbit, being removed from a 
position immediately over it just so much as the axis is 
inclined, or 23° 28'. 
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Suppose the ceiling, under these drcumBtances, to be 
raised to the height of the house ; the circle so described in 
the ceiling by the pointing of the peg during its progress 
round the table, would now appear to be considerably less ; 
although, of course, really retaining its size as well as its 
bearing. Now, suppose the ceiling could, by any possi- 
bility, be ndsed a mile, whUst retaining the bearing of its 
position, viz. with the said circle exactly 23° 28' towards 
the side of the table : would not the circle vanish, or at 
least dwindle into a point } why so ? only because of the 
greatness of its distance when compared with its dimen- 
sions ; that is, with the dimensions of our table or orbit. 

Suppose a tiny individual to be perched on the upper 
extremity, or north pole, of our peg : in the former instance, 
before the removal of the ceiling, his head would be directed 
to the several points of the circle in the ceiling (see A in the 
figure) ; and if we conceive the stars to be so near as that 
their distance, when compared with the size of his tee-totum 
world, or its orbitual groove, were tit the unelevated ceiling, 
it is evident that each day in the year might have its sepa- 
rate "pole star/' Now, so great is the distance of the 
circle thus elevated, that his head will appear, during each 
of his 366 daily rotations to be under the same distant 
point.* 

We may thus understand that the orbit of our earth, the 
diameter of which averages 190 millions of miles, if viewed 
with such eyes as our's at a distance equal to that of 
the pole-star, would not appear greater than our distant 
dwindled circle, or than tbe pole-star appears to us, — 
a glittering speck ! 

Now, if our change of station of 190 millions of miles 
thus produces no apparent change of place (or parallax) 
of the pole star ; it is evident that if the other stars be as 
distant as this star, no apparent change of place from 
this cause can be observed in them : hence their designation, 
•'fixed stars." 

But another important circumstance remains to be referred 
to, and explained ; and we think the pupil will now readily 

* The polar point in the heavens is, however, not strictly inva- 
riable : we shall soon attempt very familiarly, to illostrate this. 
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receive it, when we refer to the point into which the circle 
similarfy described in the ceiling, and immediately over the 
groove, or orbit, on the table, would dwindle if similarly 
elevated. It is " the pole of the ecliptic/' (see T in the 
preceding figure,) and is consequently situated (as laid down 
on all our celestial globes) just 23^ 28' distant from the 
former point, or pole of the equinoctial, to which our 
inclined peg or axis is directed. 



" Unluckily, the early astronomers have employed also 
the words latitude and longitude in their iiranography, in 
speaking of arcs of circles not corresponding to those meant 
by the same words on the earth ; but having reference to 
the motion of the sun and planets amongst the stars. It 
is too late now to remedy this confusion which is engrafted 
into every existing work on astronomy : we can only regret 
it and warn the reader of it." Sir /. W. HerscheVs Astrono- 
my, p. 58. 

N. B. The terms celestial longitude and celestial latitude 
referred to and censured by the great authority quoted 
above, regard the ecliptic and its pole in the same manner 
that right ascension and declination refer to the equinoctial 
and the pole of the equinoctial ; or, as the latitude and 
longitude of our earth's surface refer to its equator and the 
pole of its equator. Accordingly, the circles parallel to the 
ecliptic on tiie celestial globe, are "parallels of celestial 
latitude;" and the lines drawn perpendicularly to the 
ecliptic (generally through every fifteen of its degrees) 
and centering in " the poles of the ecliptic," are lines of 
"celestial longitude," which is reckoned in signs and degrees, 
eastward only, from the first point of Aries. Declination 
and right ascension are, however, in most cases more con- 
venient, and most employed. 

A star may thus be north of the equinoctial, and yet 
have south latitude ; or it may be south of the equinoctial, 
and, notwithstanding, have north latitude; that part of 
the heavens which is north of the ecliptic being celled the 
northern hemisphere, and that south of the ecliptic the 
southern hemisphere* 
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PROBLEM XVIL 

CELESTIAL OLOBB. 

To find the latitude and longitude of a star or planet. 

Conversely, The latitude and longitude of a star, SfC. 
being given, to find that star, SfC. 

Read p. p. 151-3. Learn Memorial Veraes, " The Ram and Ball, 
we'll keep in view/' &c. (Appendix.) 

RuLB. — ^Bring that pole of the ecliptic which is of the 
same hemisphere with the star's latitude, to the upper 
semicircle of the brazen meridian, and elevate the pole of the 
equinoctial 66^^ : the ecliptic will now coincide with the 
horizon/ and its pole with the zenith. Affix the quadrant 
of altitude to the zenith ; and, keeping the globe steady, 
make the quadrant coincide with the given star ; thus the 
graduation of the quadrant will show the star's latitude, and 
its longitude will be seen where the quadrant cuts the ecliptic 
in the horizon. 

Conversely. The latitude and longitude being given to 
find the star : — Place the O of the graduated edge of the 
quadrant on the given longitude in the ecliptic, and its 90th 
degree (or pivot) on the ecliptic pole of the star's hemi- 
sphere ; then, underneath the degree which corresponds to 
the given latitude the star will be found. 



1 . What are the latitude and longitude of Vega (a Lyne) ? 
Aru. North latitude 62^, longitude 12<» yp , or 9 signs, 12<>. 

2. What are the latitude and longitude of a of Crux ? 
Ans. S. L. 53"", longitude 10|° m, or 7 signs, 10^°. 

3. What are the latitudes and longitudes of the follow- 
ing stars ? 
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Capella 
iSTauri 
Pollux 



Fomalhaut 

Rigel 

Canopus 



N. B. The sun being m the ediptic, has no latitude ; the moon (a) 
ncTer has more than S^^ of geocentric Uititnde ; the apparent mo- 
tions of the planets, with the exception of those of three of the 
asteroids, (&) are always within 8^ of the ecliptio ; and for the purpose 
of marking their ever shifting positions, lines of latitude and longitude 
are drawn (on most celestial globes) through every degree of this range, 
forming an appearance of checker- work. 

4. find, on the globe, from the five right-hand columns 
of the 13th page of White's Ephemeris, given on our page 
51, the places of Saturn, Jupiter, Mars, and Venus, on the 
1st June, and the place of Mercury on the 25th June ; and 
record the stars, (large or small) near to which they were 
then appearing.'*' 



Conversely, 

5 . What stars have the followinglatitudes and longitudes ? 

20 J° S. L Long. signs 19° 

39i N. L „ 10 .. 4 

10 N.L „ 3 „ 17J 

44^ N.L „ 7 „ lOi 

40i S. L .. 11 „ 12^ 



PROBLEM XVIII. 

CBLESTIAL GLOBB. 



Having the longitudes and latitudes of the planets, to find 
their times of rising and setting ; their amplitudes, azimuths, 
SfC, at any given place. 

Repeat p. 25 (def. 1) : also def. 7. 

(a) On account of the nearness of the moon her place is much 
affected by parallax to those who are far from where she is vertical. 
(Note G. p. 18.) 

(6) The inclination of the orbit of Pallas to our ecliptic plane is as 
much as 43^ 35'. 

* Thus, Saturn, just half a degree south of the small star^ — of 
Serpentarius ; Mercury — ° south of Pollux. 
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RuLB. — ^Elevate the pole for the latitude : find the 
places of the planets, as in the last problem, from an 
Ephemeris, and slick a very small piece of paper,* in- 
scribed with the symbol of its planet, upon each place. 
Bring the sun's longitude to the meridian, and the index 
to 12. 

Then, whilst the sun is so placed, if Venus or Jupiter 
(whether above or below the horizon) lie to the east of the 
plane of the meridian, it is an evening star ; if it lie to the 
west of that plane, it is a morning star. Cause the globe to 
rotate westward. As these several symbols of the planets 
arrive at the eastern horizon, the upper meridian, and the 
west, their times of rising, their amplitudes, azimuths, cul- 
minations, and setting, may be noted as in Probs. IX. & XIV. 



1. On the 13th October, 1834, the longitudes and lati- 
tudes of the planets were as follows: were Jupiter and 
Venus morning or evening stars ; and at what hours 
they and the other planets rise and set at Grreenwich ? 
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Were Venus, Jupiter, and Mercury, morning oi 
stars ; what were their times of rising and setting 


' evening 
atEdin- 



• If the paper be cut of a triangular form, a corner may be put Tcry 
exactly on the place of the planet : common writing paper, if wetted, 
will often adhere sufficiently ; but a little piece of mediJlion wafer, 
such as those now so much used, will be better. 
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buigh ; and what the times of cuhnination of Mars, Saturn, 
and Uranus ? 

3. What was the time of Saturn's rising on the 95th 
Jane, 1840 (for his place see our page 51) ; and what were 
ills azimuth and altitude at half-past 9 p. h., when I was 
^'lewing his ring? 

*^* Whether, under some*inrcumstances, the morning star 
may be seen : or, whether it even rise before the sun, 
although to the west of that luminary, may depend upon 
the latitude of the place and the planet's dedination : This 
may be illustrated by the following : — 

4. Venus's longitude, on the 21st March, was 20° in 2S, 
and her latitude 1° south : at what times* will she rise on 
the morning of that day at Madrid, latitude 40"" ; Land's 
End, latitude 50°; Petersburgh, latitude 60""; and at the 
north part of Lapland, latitude 70° ? 



PROBLEM XIX. 

TBBaSSTaiAL OLOBB. 



Having the instant of the immersion or emersion of a 
satellite of Jupiter, to determine those situations from which 
it may be viewed. 

Read again p. 53, in explanation of p. 52, and p. 50, in explanation 
of p. 61. 

These edipses fiirniah an excellent means of determining longitude, 
since, on account of Jupiter's distance, no change of place on the 
earth can effect the apparent relative positions of Mm and his moons, 
(M on. p. 18) ; but to observe them with precision, a telescope of 
considerable magnifying power must be used, and such a telescope 
requires perfect steadiness : hence these phenomena are not available 
on ship-board. 

To have an eclipse of a satellite of Jupiter distinctly visible, *' the 
sun must be at least 8° below the horizon, and Jupiter not less than 
8** above it at the same time.t'' Hence we wUl take the following 
method : — 

RuLB 1. — If the latitude and longitude of Jupiter be 

* 1 1 wUl be recollected that the first point of Aries (the sun's place) 
rises at 6 o'clock every where on that day. 
t Nautical Almanac. 
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given, find by the celestial globe bis R. A. uid declinatioB, 
and elevate the pole to his declination, find,' ^m the 
difference of Jupiter's R. A. and the sun's, the time of his 
last being on the meridian,* and reckon the hours between 
this time and the time of the immerd(m, &c. Bring the 
place, the time of which is given, to the brass meridian, 
and set the index to 12, (as a mark). Cause the globe to 
rotate eastward so many hours as the time of immersioii, 
jic. is past the previous culmination of Jupiter :-^All places 
now above the terminator are those to which the planet's 
beams are extending: — ^Note down the principal of them, 
excepting those which, not being more than 8^ above the 
terminator, do not have him sufficientiy elevated. 

2. Now, elevate the pole (north or south accordingly) 
to the sun's declination ; bring the sun's " place" to the 
brazen meridian, set the index to 12, and turn the globe as 
many hours eastward as the time of the immersion, &c. is 
past the last noon.* This will show the position of the 
earth's sur£Eu;e with regard to sunlight at the time of the im- 
mersion, &c ; and all places now above the terminator, or 
within 8^ below it, which have been inserted in the fore- 
going list, must be struck out of it, as having the pheno- 
menon hidden from them by daylight : the remaining places 
only being those at which it may be viewed. 



1. I find (on p. 52) that there was an emersion of o^'s 
first satellite at 1 5d. 1 Ih. 1 3m. 40s. of June ; or about | past 
11 P.M. of 15 June ; and, looking at p. 51, I find that his 
R. A. is then 14h. SOm. and his declination about 13-1^ S. 
Find, from these data, from what situations this emersion 
might have been viewed ? 

Here haTing elevated the S. pole 13}^, and having found that the 
0*8 R. A. is 85^ or 5h. 40m. ; and that, consequently, If. was oa 
the meridian, 8h. 50m. after the 0, or at 50m. past 8 p.m., I bring 
Greenwich to the brass meridian, set the index to 12, (as a mark,) and 
turn the globe 2h. 24m. eastward, such being the interval between 

• This time of culminating will not differ materially in one day ; 
we take the last culmination to avoid the inconsistency of reversing 
the globe's motion. 
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tile time of 2^*8 being on the meridian, and the emersion's taking 
place. I now note down the places above the terminator, as being 
those that have If. above their horiaon, omitting ail within 8'' of the 
termiDator ; they are the following :— Sonth America, North America, 
eioept the N. W. ; Alriea and Madagascar, except the eastern parts, 
and all western Europe. 

Bat, following the 2d section of the role, I find that it is needM 
to strike out North America, the West Indies, and the N. W. of 
South America, as well as the extreme north of Europe; since ihej 
were in sun-light, or strong t?nlight, at the time of this eclipse. 

2. Suppose that on the 21 st December, in a certain year, 
there 'will be an immersion of a satellite of Jupiter at 5 a.m. 
(Greenwich time); and that Jupiter's R. A. is 150° or 
lOh., and his decHhation 12^ N. From what situations 
may tiiis immersion be viewed ? (a) 

3. On 4th August if-'s longitude being 11 signs 14^ and 
his latitude 1 J*^ south, there was an eclipse of his second 
satelHte when it was 10 o'clock at night at Petersburgh. 
Where might it have been viewed ? (b) 

4. June 8, 9h. 39m. 8s. 2^'s 1 Sat, emers. (see p. 52.) 
Find }^'s R. A. and declination from p. 51 (c) ; and from 
these data determine the situations from which this emersion 
might have been visible ? 

5. In 1838, January 17, 19h. 14m. 348. ; ^'s 1 Sat. Im. 
R. A. llih, declination 51® north. Find where this im- 
mersion was visible ? 



(a) Here Jupiter will culminate — hours before the sun ; but the 
immersion will take place only 7 hours before the sun culminates. 

(b) Here (from his longitude and latitude) I find Jupiter^s R. A. will 
be such that he culminates -^ before the sun ; but the eclipse takes 
place 10 hours alter the sun culminates ; hence the difference be- 
tween the times of Jupiter's culmination and the eclipse of his sateU 
lite win be 10 hours added to — hours. 

(c) It must be remembered that the R. A. is given for every day ; 
but declination (as well as longitude and latitude) for every 6th day 
only ; in this case we must take the declination given for the 7th day, 
M the nearest to the 8th day. 
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GBLB8TIAL GLOBE. 

Exercises, chiefiy recapihdatory, on the Right, OhUqmt, 
tmd Parallel positions of the Sphere, 

Right Sfhbbb. — Latitude ; the poles in the horizon. 
Repeat def* 49. 

1. What inhabitants of the earth have this position of 
the sphere ; and what stars are constantly above or below 
their horizon ? 

2. What (strictly speakings and also disregarding refrac- 
tion) is the diurnal arc of any fixed star at the equator : 
and is the diurnal arc of a star as shown by the index of 
a globe strictly correct ? — (^See def^ 83 and its note.) 

4. What is the diurnal arc of the pole-star at the equa- 
tor, supposing the polar-point not to be elevated by refrac- 
tion ? — (See 5th question of Proh. V. p. 77.) 

5. What (invariably) is the diurnal arc of the sun there I 
—(See def. 84.) 

6. What is the diurnal arc of the moon there ;* and 
why does it differ from the diurnal arc of the sun, and 
still more from the diurnal arc of a fixed star ? — (See def. 
88^ and its note.) 

7. What is meant by the right ascension (R. A.) of the 
8un» or of a star, or phmet ? 

8. In strictness, does the R. A. of the for any day 
coincide with that degree of the equinoctial which culmi- 
nates with him ? why, or why not ? 

9. Find, by the globe, whether the declination of a star, 
&c., affect its R. A. (for instance /3 Aurigte and Betelgeux.) 
and how much longer the day is at the equator when the Q 
has 23-|^ north declination, than when he has 23^^ south 
declination ? 



* The moon, if watched, will be found, night after night, to haie 
removed about 13° (nearly 24 times her apparent diameter) to the 
east of the position she occupied amongst the stars at die same 
hour of the night before : hence the CMurth must turn about 50 
minutes more, to bring her to the meridian, after the star with which 
she last came to the meridian has airived there» 
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10. Find, by the globe, the difference in a light sphere 
between the rising or setting amplitude of any heavenly 
body and its declination ? 

11. On what two days is the vertical at the equator ; 
and when he ia on the meridian but not vertical, what is 
his depression from the zenith (t. e, lus " meridian zenith 
distance") always equal to ? 

12. Suppose a house at Quito to stand with its facade 
duly north, during which months in the year is the back 
of it entirely shaded ; and out of which windows must the 
inhabitant look to see the full moons of those months ? 

13. What is the greatest meridian zenith distance of 
the sun at the equator; what, consequently, his least meri- 
dmn altitude ; and on what two days of the year does this 
occur? 



Obliqub Spherb. — The north or south pole elevated 
according to the latitude. 

Rq>eat def. 51 . 

1. How many degrees does the altitude of the pole-star 
change, in the course of the sidereal day, at any place hav«> 
ing an oblique sphere ? — {See explanation to question 1 on 
page 96.) 

2. What is the diurnal arc of any star in the equinoctial 
to the inhabitants of an oblique sphere } 

3. Fmd (by bringing them severally to the meridian) 
what are the right ascensions of 8 of Orion, a of Orion, 
(Betelgeux,) and Castor, (a of Oemini,) and what are the 
oblique ascensions of these three stars in latitude 37^ north, 
and their several ascensional differences ? — (J>ef. 56 and 
note,) 

4. Find, by using the index, how long these several 
vtars are above the horizon in that latitude ; and contrast 
their several " descensional differences" with their several 
'' jiscensional differences" ? 

5* Turn into time the sum of the ascensional and de** 
scensional differences of either of these two northern stars 
(Castor and Betelgeux) ; and compare that time with the 

p2 
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excess of the star's diurnal arc above the 12 hours'' aic of ' 
of Orion ? 

6. The sun, on the 2 1st June, as may be seen, rises at 
the equator with the 90th degree of the equinoctial : with 
what degree of the equinoctial does he rise in latitude 60^° 
north ? Compare this ascensional difference, when tamed 
into time, with the excess of the half-day in that latitude 
above the 6 hours* half-day of the equator ? 

7. The sun, on 3d. November, at & o'clock, is setting at 
Quito with the 21 8th d^ree of the equinoctial. The in- 
habitants of the western part of Jamaica, having the same 
longitude, have exactly the same time of day at that instant; 
but, to them the sun has already set : — ^with what degree 
oi the equinoctial has he set there, and, consequentiyi how 
many minutes before 6 o'clock ? 

8. What are the ascensional and descensional differences 
of the 0, in any latitude (N. or S.,) on 23rd September 
and 21st March; and what, consequently, the times of his 
rising and setting ? 

9. Fmd the O's oblique ascensions at Madrid and at 
London on 21st December ; and, by contrasting them, find 
the difference in the length of half that day in the latitudes 
of those cities ? 

10. Supposing the moon's place in the sphere at the time 
of her rising to be given you; can you determine in the same 
way (viz. by her ascensional difference) her exact diunuJ 
arc ? why, or why not ? — (Note to definition 88.) 

1 1. If the moon's orbit, or monthly path, were so plac^ 
(as it may be) that,, being in conjunction with 8 of Capri- 
comus one night at rising, she could, four nights afterwards, 
be rising in conjunction with 8 in the string of Pisces; 
what differences would there be in her oblique ascensions, 
on those nights and the intervening ones, in latitude 61 
N. ; and what, consequently, would be the difference in 
the times of her rising on those occasions ? 

12. Find, by the oblique descensions of these two stars/ 
the difference in the times of the moon's setting in that 
latitude, if her orbit were so situated as to bring her into 
exact conjunction with them ? 

* Viz. t Ctqfrieomi and 8 Pisdum, 
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13. Find, from the ascensional or descensional difference 
of Capella, bow much more than half of the sidereal day 
that brilliant star spends above the horizon of latitude 
30° north ; and how much less than half in latitude SCP 
south ? 

14. Just so many degrees as an inluibitant of the equa- 
tor traveh on his meridian (northward or southward) his 
zenith point is removed from his former zenith point in the 
equinoctial : since, then, the meridian zenith distance of 
the equinoctial is thus always equal to the latitude, what 
is its altitude above the horizon always equal to ? — (N. 
imp. 2.) 

15. Of vfhat declioation, or distance from the equinoc- 
tial, must that star be which cannot rise, or cannot 
set, in latitude 50°, and what relation must the dedina- 
tion of such a star bear to the latitude ? — (See remark on 
p. 130.) 



Parallel Sphbre. — ^The polar point in the zenith ; and 
the equinoctial, consequently, coinciding with the horizon. 

Repeat def. 50. 

1. What stars are constantly above or below the hori- 
zon of the north pole ? 

2. How high is the sun at mid-day or midnight of the 
21 St March, or 23d September ? 

3. What is the altitude of the sun at the north pole on 
5th May, the 2l8t June, and the 16th October, at any 
times on those days ? — (See remark on p. 132.) 

4. In what time, exactly, do the stars appear to move 
around above the horizon at the north pole ? — (Def, 83.) 

5. In what time does the sun appear so to move around 
it, and why }—(Def. 84.) 

6. In what time does the moon, if above the horizon, 
appear to do this, and why ? — (Def. 88.) 

7. At what periods of the year does the sun take the 
fewer days to alter his apparent altitude there ? 

8. If the moon move around the earth near the plane of 
the echptic in about four weeks, during how long a time 
is she constantly above the horizon there ? 
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0. When the nuxm ia full she is nearly in tiie part of 
the ecliptic exactly opposite to the son's ptece : how hi^ 
is she at the north pole when ezaetty foil and without lati- 
tude,* on the 10th November ? 

10. When the full moon is most wanted in the pdar 
regions, she is most advantageously {daced in the sphere: 
what wonld be her altitude at the norlii pole if Min &e 
middle of its long winter period ?--r-(iSf«e quest. 0.) 

1 1. How long is the son so depieissed below the hoiiion 
of the nor&'pde as not to affiocd twili^ ?— (Se« |»9' 
190.) 

12. Supposing the moon to be about to be full on the 
2lBt December, with what phase will she rise Ihere a 
wedc before; and with what phase will she set a week after- 1 
ward }—(Def. 102.) 

* It most be recollected, that the latitude of heavenly bodies is , 
their distance from the eeUptic* ' 



For Quutumi tm the tradi winds, tidis, moon's nodes, fu- 
CBSSiOK 07 TBI B(iniN0xi8, &c., gee Problemet Section HI. 
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SOME OF THE PROPERTIES OF BODIES, 
AND THEIR PHENOMENA. 



" Nature U but the name for an effect whose cause is God." 

Oowper. 

" All natural occurrences, in the skies, and on the earth* 
in the organic, and in the inorganic world, are determined 
by the relations of elements and the actions of forces of 
which the rules are prescribed. * * * All things arc 
ordered by number, and weight, and measure. ' God,' as 
was said by the ancients, ' works by geometry :* the legis- 
lation of the material universe is necessarily deHvered in 
the language of mathematics : the stars in their courses axe 
regulated by the properties of conic sections, and the winds 
depend on arithmetical and geometrical progressions of 
elaisticity and pressure." — WhewelVs Bridgewater Treatise, 
pp. 7, 8. 

** An impression of adaptation, of mutual fitness, of con- 
spiring means, of preparation and completion, of purpose 
and provision * * is suggested by the contemplation 
of every part of nature." — Ihid, p. IS. 

"The first stage of man's life is a state of constant 
and curious excitement; * * the powers of reflection 
and comparison are lost in the incessant activity and unex- 
hausted vigour of observation. * * * After a season, 
attention is drawn from the discovery of what is new, to 
the examination of what is familiar; * * the great 
work of comparison begins.'* — Cab. Cyclop. Mechanics^ 
pp. 2, 3. 

Mattxb, Lat. Materia. 

" Matter is the general name which has been given to 
that substance which> under forms infinitely various, aflects 
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the senses * * * When we speak of bodies we mean 
those things, whatever they be, which excite in our mindB 
certain sensations ; and the powers to excite those sensa* 
tions are caHed prcpertiet or qualities.*' — Ihid, 

Matter is described, as : — 

1. Ponderable, or having appreciable weight. 

2. Imponderable. 

The imponderable forms of matter are 
Hbat» Light, Elsctricitt, Maonbtism. 

The three general forms of ponderable matter are 
The Oasbous, the Fluid, and the Solid. 

These several forms are conjectured to arise from the 
combination of varied portions or degrees of caloric, the 
imponderable agent to which the phenomena of heat are 
ascribed. 

ATOM ATTRACTION OF COHESION RBPULSION. 

B The word atom (signifying that which cannot be 
farther divided) is applied to describe an ultimate particle 
of matter ; t. e., a particle (as far as human means are con* 
pemed) indestructible and unchafigeable. Thus» bodies the 
most dense, as the metals, &c., by the application of heat 
may be dissipated into the invisible or gaseous condition; 
but again, by the abstraction of heat, t£ey are reconverted 
into ^eir former state of solidity, 

1. The word *' Molecule" seems to be more genendly appropriitt 
than the word " Atom." There cannot be such a thing as an atoD 
of any chemical compound, such as watQr, yermilion, &c.; vnci 
each ultimate particle of such compound must contain, at least, one 
' ' atom ' ' of each of its ingredients. 

2. Several of the gases, (such as the carbonic acid gas, sp»^ 
in soda water, champagne, &c.} have lately been reduced to the solid 
state by violent pressure and intense cold. 

3. ''There is no solid substance known which, by a snfBdentlfiD* 
tense heat, may not be melted, and finally dissipated in yapoor * 
But solids, themselves, by the abstraction of heat, shrink in dimeo* 
sion, and at the same time become harder and more brittle, yieldios 
less to pressure, and permitting less separation between their parts bj 
tension. ♦ • • It is heat, and heat alone, which hoUi 
the particles of all bodies at that distance from each other which is 
necessary to allow of compression ; which in £u:t gives them their 
elasticity, and acts aa the antagonist force to their mutual attnctif** 
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which would otherwise draw them into actual oontacti and retain 
them in a state of absolute immobility and impenetrability.' *-^A> /. 
F. W. HerteheVs 2>iac(mr9e, pp. 321—2. 

^ The ultimate particles of matter are thus demonstrably 
not in contact — ^' Since all matter may be made to fill a 
smaller volume by cooHng^ it is evident that the particles 
of matter must have space between them." — Sir H. Davy. 

1. Take the quadrant of altitude and bend it : the molecules which 
compose that portion of its substance which is nearer to its under 
surface, are now evidently brought closer to each other ; they could 
not, therefore, have been in absolute contact before. 

2. The stone is not in absolute contact with the hand which is 
flinpng it ; and the fingers themselves do not fly off with the stone, 
only Iwcause the molecules which compose ^em are packed so 
closely, as to be sufficiently attracted to each other to resist the 
motion communicated to them in common with the stone. 

D " Any visible mass of matter then, as of metal, salt, 
sulphur, &c., we know to be really a collection of dust or 
minute atoms by some cause made to cohere or cling toge« 
ther : yet there are no hooks connecting them, nor nails, 
nor glue ; and tbe connection may be broken a thousand 
times by processes of nature or art ; but is always ready to 
take place again : the cause being no more destroyed in 
any case by interruption; than the weight of a thing is 
destroyed by frequent lifting from the ground. Now the 
cause we know not ; but we call it attraction. 

" The phenomena of attraction, and its contrary, repul* 
si(m, particularly when occurring between bodies at consi- 
derable distances from each other, are as inexplicable as 
any subjects which the human mind has to contemplate." 
— Dr. Amott'a Elements of Physics, p. 13. 

1. The forces of attraction and repulsioni acting between the ulti* 
mate particles of matter, and acting, therefore, only at extremely 
minute distances, are called molecular forces. Sometimes the words 
" attraction of cohenon^^ are employed to denote the former force : 
This force is not to be confounded with the attraction of gravitation, 
which acts universally, t. e., at all distances, and quite independently 
of the etatea of bodies. — ^See Gravity (Indeae.) 

THE ABBIFOBM, LIQUID, AND SOLID STATES. 

F "All bodies consist of an assemblage of material part- 
icles, held in equilibrio by a cohesive force, which tends 
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to unite tbem, and also by a repuMve force, probably cab- 
ric, the principle of heat, which tends to separate them. 
* * * It is evident that the density of substances will 
depend upon the ratio which the opposing forces of cohe- 
sion and repulsion bear to one another." — Mrs. SomerviUe s 
Connex. of the Physical Sciences, pp. 124 — 5. 

1. It is important to distinguish the terms nuMtaidhulk: the for- 
mer refers to the quantity of matter in a body : the latter to the axe 
of its outline or the eztensireness of its outward surface. Thus, a 
pound of lead is of equal ffiow with a pound of cork ; but its buli, 
owing to the compactness of its molecules, is comparatiyely incon- 
siderable. 

^ '*When particles of the same kind of matter are at sach 
distances from each other, that the cohesion which retains 
them is insensible, the repulsive principle remains un- 
balanced, and the particles have a tendency to fly from one 
another, as in aeriform fluids." — Ibid, 

That department of science which treats of the phenomena pre- 
sented by aerial fluids, is termed Pneumatics. 

H "If the particles approach sufficiently near to produce 
equilibrium between the attractive and repulsive forces, 
but not near enough to admit of any influence from their 
form, perfect mobility will exist among them, resulting 
from the similarity of their attractions, and they will offer 
great resistance when compressed : properties which charac- 
terize liquids, in which the repulsive principle is greater 
than in the gases." — Ibid, 

That department of science which treats of the equilibrinm of 
Uquids, is termed Hydrostatics. 

1 . At the depth of 1000 fathoms, the water of the sea has its bulk so 
diminished by the pressure of the water above, as that 99 gallons of 
it if brought to the surface, would fill 100 gallons there. But HO 
pints of common air, may be driven into the hollow ball, of one pint 
capacity, attached to an air gun ; and a stand has been constracted 
^r the support of a gas-light, into which so much gas might be con- 
densed as would feed the flame for several evenings. 

K ««When the distances between the particles are stillless, 
solids are formed, in consequence of the preponderating 
force of cohesion." — Ibid. 

1. We may understand from G and H, that the term " liquid*' is 
applied only " to such fluids as do not, though quite at liberty, it- 
4;empt to dilate themselves beyond a certain point." Someflvid^' 
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lioivever» which ezist even in the liquid form frndAr ordhiary dienm- 
stances of pressure, &c., become aeriform when that pressure is re- 

BkOYCdL 

2. Ether exists as a liquid at the earth's snrfiice, only because of 
the pressure of the atmosphere, and cannot be contained in an open 
vessel on the top of a lofty mountain. 

Law of Pressure with respect to Fhnds. 

^ We conclude these remarks and selections with one 
very important as it regards our circumstances : — 

Whilst pressure, applied to a solid, is transmitted 
only in that direction in which it is applied ; in all fluids, 
whether aeriform or liquid, in consequence of the perfect 
freedom of their parts to move amongst themselves, 
each of the molecules '* tends to recede from an excess of 
pressure on one side, and thus hears upon all the rest, and 
distributes the pressure amongst its neighbours." Hence the 
remarkable hydrostatic law of " equal pressure in all direc* 
tionsr 

1. Suppose a bottle, of any shape whatever, to be made with 
twenty mouths, distributed over its surface as the quills of a porcu- 
pine ; and nineteen of these mouths being corked, let it be exactly 
filled with water by means of the twentie& : any pressure tending to 
force a cork into this twentieth mouth, would tend tfuaUjf to dnve 
out idl the others. 

2. " The mass of the human body may be considered as an accu- 
miilatlon of solid atoms, each separately immersed in a fluid. This 
being the case, it follows that tiie pressure upon any portion of the 
external surface of the body, is propagated equally throughout its 
substance, by the intervention of the fluids which permeate it ; and 
that each solid particle thus sustains pressures equal in every possi- 
ble direction ; so that, by reason of these pressures, it can have no 
tendency to move either in one direction or another." — Mosehy^s 
Mechanics, p. 277. 
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THE ATMOSPHERE, OCEAN, ETC. 

^ The globe we inhabit is encased in 9l fluid, as a kernel 
of a nut in its shell : and, of its immediate surface, not less 
than three-fourths are covered with a liquid. On this 
account it is highly important to an apprehension of some 
even of the most simple circumstances in nature, to attend 
particularly to the phenomena of the fluid state. It is 
hoped that the illustrations given, as they are necessarilj 
few, may serve as hints for further enquiry. 

1. '* We are liymg^ in a fluid at the bottom of an ocean, as we see 
fish to be living in tiie sea, receiving large quantities of it at everj 
instant into our bodies, and exhaling it. * * * Philoso- 
phers reasoned and speculated for 2000 years, on the subject of the 
atmosphere, before they discovered that it was material, a fluid, and 
had weight." — Moseley^s Mechanic9t p. 289. 

2. Sir J. W. Herschel compares the relative bulk of the atmo- 
sphere to the downy skin of a peach when contrasted with the dimen- 
sions of the fruit. 

3. At the level of the sea, 100 cubic inches of air, (about as much 
as would be contained in a box having its length, width, and depth, 
equal to the width of this book,) are found to weigh 31 grains ; bat 
the existence of this moM of air in such a bulkf is owing to the com- 
pression of the air above it. The density of the atmosphere rapidly 
decreases as we ascend. At the top of Mont Blanc, (an elevation of 
three miles,) the traveller has passed through half the mass of this 
ocean of air, although there are yet more than 40 miles of it above him. 

4. The atmosphere has been aptly compared to wisps of wool, 
which being laid one upon another from the floor to the ceiling of a 
room, would half of them be contained in that portion of the pile 
which reached only a very few inches from the floor. 

5. It is shown by experiments in pneumatics, that the pressure of 
the atmosphere at the average surface of the earth, is equal to a force 
of 15 pounds on every square inch of the surface of any body, what- 
ever its position, l^een pounds are equivalent to the weight of 
the quantity of mercury that fills a tube or bottle of one inch bore, and 
about thirty inches long ; or to the weight of water fllling a pipe <» 
that bore and thirty-four feet long. Accordingly, if either of these 
vessels, having been closed at one end, and so filled, be carefollj in- 
verted perpendicularly into a basin of fluid, the pressure of the atmo- 
sphere upon the surface of the fluid will be an equipoise to what is 
contained in the tube, and will support it. This constitutes the in- 
strument called the barometer.* 

* The barometer is supported less by half an inch on the top of 
St. Paul's, than at the level of the Thames. On Mont filanc. only 
the half column of mercury, or fifteen inches of it, is supported. 1° 
Be Lussac's balloon ascent, (note to def . 27,) the mercury fell below 
twelve inches. 
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^ We may judge, from the above experiments, that the 
whole body of the atmosphere is equal to a covering of 
water thirty-four feet deep ; or to a covering of quicksilver 
of the depth of thirty inches. 

1. The body of a man of ordinary size, presenting a surface of 
about 2000 square inches, bears a pressure (reckoning in all direc- 
tions) of about fourteen tons. The arrangements of Infinite Wisdom 
luive provided for this pressure on the human frame, the juices of the 
body having just such a tendency to expand as this pressure is fitted 
to counteract. In climbing the Andes, Baron Humboldt found that 
the blood burst from his lips and ears. 

2. ** By that admirable property of the equal distribution of fluid 
pressure, (L, p. 169,) not only are we enabled to sustain the 30,000 
pounds' weight of atmospheric pressure, without feeling it, but that 
pressure may be doubled by immersing the body thirty- six feet under 
water in a diving-bell, and yet no single nerve, not even the most 
delicate of the millions which overspread the body, will, by reason 
of that pressure, experience the least perceptible excitement."—* 
Moaeley^t Mechumcs. 

3. It is because the pressure of the atmosphere, like that of every 
other fluid, is communicated equally in all directions, that the boy's 
leather mcker carries the weighty stone on which he places it ; that 
the common house fly * walks on the ceiling ; that the snail can crawl, 
sustaining the burthen of its shell in any position, &c. 

P The united masses of the ocean and atmosphere, are 
bat insignificant when contrasted with the quantity of solid 
matter in the globe. The greatest depth of the sea is 
estimated at five miles ; (a) and if that which is now the 
*• dry land," were levelled and distributed, so as to form its 
bed, its imiform depth would be very inconsiderable. We 
have seen (M 5, p. 170) that the mass of the atmosphere, if 
sufficiently condensed, would be equal in bulk to an ocean of 
water of about thirty-four feet depth ; so that, regarding 

* Those most skilful in microscopic observations, have great diffi- 
culty in detecting the sucker in the fly's foot. The Acarus fre- 
quently found in great numbers infesting the common blue beetle, 
and so much in need of the means of firm adhesion, whilst the beetle 
" wheels his drony flight,'' is provided, on each foot, with a beautiful 
transparent sucker, attached by a 'fine muscular cord. A common 
microscope will show this with a very moderate power ; and if the 
little animal be carefully shut in between the two glasses of the " live 
dose,*- and very slightly compressed, it will exhibit these suckers in 
action. The author is not aware that this object, exquisitely illus- 
trative as it is, is noticed in any publication on the microscope. 

(a) The mean depth of the Pacific, is supposed to be about four 
miles ; that of the Atlantic, about three miles only. 
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these depths as to be represented, unitedly, on an ordiiMuy 
twelye»inch globe, they would be but as the film of moisture 
produced by bxeathing on it, when first brought oat of a 
cold room; or at most, as the coating of vmiush which 
always covers it. 

1. Yet ''the addition to tiie sea of one fonrth of the ezistmg 
waters, wotdddrown tiie whole of the globe, except a few chains of 
mountains f*(h) and were the mass, and consequently the weight or 
pressure of the atmosphere, increased, *' the stress of wind and 
weather" would be minoas to the present structure of organiied 
matter. 

2. The proportion of surface also presented by the ocean, thongii 
apparently excessive, is that whidi is required for the refreshment of 
the land. " The properties of water, with respect to heat, make one 
rast watering-engine of the atmosphere." The quantity supplied for 
this depends mainly on the extent of surface ; and if the surikee of 
the ocean were to suffer any considerable diminution, the continents, 
as they at present exist, would be robbed of their fertility. 

3. Although the air oyer the sea generally contains more v^qxmr 
than the air orer land, the saltness of the waters of the ocean, amongst 
other benefits, restricts their tendency to eraporation. Siedt water 
has eyen the power of drying the air, when it contains Tapour in greit 
quantity, by absorbing a part of it. 



heat; 

The term Caloric is employed by some philosopher^ 
to distingmsh the agency of heat from the sensation it 
produces, but common usage has long applied the term 
" heat** to both ; and it is so employed by some of th« 
best authors. 

RADIATION, CONDUCTION, CONTECTION* BTC. 

P Every body that is warmer than the space around iU 
radiates like difference of its heat, more or less rapidly 
according to circumstances ; and every colder body near it 
receives, more or less readily^ a portion of the heat diQB 
sent forth. 



(b) WheweU's Bridgewater Treatise, p. 62. 
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^ The power of the wanner body to give forth its heat, 
will depend on its sutface, as well as on the nature of its 

substance. 

1. Thus, of two yesselB of heated water, that will retain its heat 
much the longer which has a polished surface. 

2. Our bodies are constantly radiating heat into the colder air ; and 
the clothing that is warmest, is so only in consequence of its most 
effectually resisting the escape of heat. 

The snowy covering of winter effectually protects the earth, and its 
germs of vegetation, from the severity of the atmosphere ; the under 
surface of snow generally retaining the temperature of 32°, (the 
freezing point merely i) whatever the state above. 

3. As soon as the beams of the setting sun have eeased to affect 
the earth's surface, being now the warmer body, it begins to radiate 
its heat freely into space ; until, becoming colder than the air imme- 
diately around it, it robs this air of its heat, and together with its 
heat, robs it of the power of retaining its moisture : (see Latent Heat.) 
This is deposited in the well known form of dew. The more the 
nature of the surface, as to vegetation, colour, &c., is adapted to 
radiate, the colder it of course becomes. Hence, we find some 
patches of land bedewed whilst others are dry.* 

' The power of the cooler body to receive heat, will also 
much depend upon its surface and colour. 

1* If the surface of a body be such as to r^ect much heat, it will, 
of course, absorb the less of it. 

" Surfaces receive heat by radiation, nearly with the same degree 
of facility as they give it off. * * •A surface covered 
with lamp-black, for instance, receives, in a given time, eight or nine 
times as much heat by radiation as a polished tin surface." — Dr, 
Proui. 

"^ "The earth, like all solid bodies, f transmits into its 
interior, the impressions of heat which it receives at the 
sur&ce, and throws off the superfluous heat from its siir- 
face into the surrounding space. These processes are 
called radiation and conduction," 

''By the laws of conduction, the daily impressions of 
heat which the earth receives, follow each other into the 



* If the night too, prove a cloudy one, the clouds themselves 
radiate, as well as reflect back this radiated heat ; and the tempera- 
ture of the earth, and consequently of the air at its surface, being 
thus kept up, no dew is deposited. 

t '* All the reasons we can collect, appear to be in favour of the 
earth's being a solid mass, considerably denser than any known* 
roc\Lj'*^WheweWa Bridgewater Treatise, p. 60. 

q2 
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interior of its mass, like the ^mres which start- from fhe 
edge of a canal. « « « j^^ ^ ^ poj^ of the 

siuface throw off heat hy radiation ; in the Polar regions, 
where the surface receives little in return from the snn, a 
constant waste is produced. There is thus, from the Polar 
part, a perpetual dispersion of heat into the surrounding 
space, which is supptied hy a perpetual internal flow from 
the equator* toward each pole." — WhewelL 

V y^ien heat is appHed to a fluid, otherwise than at its 
upper surface, there is an immediate intestine motion com" 
municated to its parts ; those nearest the source of beat, 
becoming more buoyant by increase of their bulk, and 
ascending, whilst the cooler portions descend to supply 
their place. Heat is difliised through fluids in this way 
only, and it is termed amveetion, t. e„ the carrying prooess. 

1 . Count Ramford csased water to boil at its surface, whikt a 
cake of ice remained at the bottom of the vessel containing it; be- 
cause the heated water could not descend. 

2. Into a good sized phial, nearly filled with cold wateri pot i 
sknall quantity of amber dust, (to be obtained at the chemist's,) w 
anything which may be barely suspended in water. If the phi^ be 
BOW placed in a tttmbler half filled with hot water, currents will be 
established, which the floating dust will render visible; the water 
nearest the heat ascending, and a cooler column descending in tbe 
middle, until the whole becomes of uniform temperature. When tfau 
is the case, the currents may be beautifully reversed by placing the 
bottle in a tumbler of cold water. A hot and cold hand will answer 
the purpose, but the currents will not be so active as in the other 
case. 

3. The nr of a well warmed apartment is continually flowing oat 
at the top of the door, and flowing in at the bottom of it. This oiaj 
be seen very plainly, by opening the door a few inches and hoUiiig i 
lighted candle alternately near the top and near the bottom ; the 
flame in the former instance floating outward, and in the latter, 
toward the inside. 

4. In the same way, the heated air of the Torrid Zone ascendsi 
whilst currents of air flow from the higher and colder latitudes of tbe 
north and south, to take its place. — 1^ Trade Winds, (Index^ 

^ By the same process heat is communicated by a flin^i 
to a colder body above it ; the portions near the surface, 
parting with their heat, will continually descend to make 
way fpr the warmer and lighter portions below, until the 

• t. e,, from the equatorial reyumif where there is more heat de- 
rived from the sun. 
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temperature of the body above is rendered eqnal to tbat of 

the fluid. 

1. If wind from a cold re^on come oyer a sor&ce of laad, that 
surface becomes cold, and remains so ; the wind therefore cannot get 
its keenness in any degree abated ; but it will be seen, from what ia 
advanced aboYe« l^t if the same wind blow over a deep and extended 
sea, it may not only become mitigated, but eren become warm in its 
progress. 

''When a warm wind blows oyer land, it heats the surface, which 
must therefore cease to abate the feryoar of the wind. But the same 
wind blowing oyer water, agitates it, brings np the colder water from 
below, and ti^ns is continudly losing some part of its own heat." — 
Dr, Robertson's " America:' 

^ This accounts for the moderated dimates of insular 
atuations. 



^ Bodies perfectly transparent are nearly unaffected by 
solar heat^ and even very little affected by terrestrial heat if it 
be intense. Thus window-glass, perfectly clean, intercepts 
no heat, remaining cool whilst the sun's rays pass through 
it with all their power. One cause of the low temperature 
of the atmosphere in the upper regions, is its purity and 
consequent transparency. It is for the most part, the 
sluggishness of heat, aiter it has been treasured by the 
earth, that gives warmth to the air, and produces its cur- 
rents, (as described in V, p. 174, and its notes.) 

LATBNT HBAT. 

^ That portion of heat which is essential, and barely so, 
to the existence of a body as liquid or aeriform, is called 
latent (that is, concealed or insensible) heat, because it is 
not perceptible to the touch, or by the most delicate instru- 
ments. Bodies, solid as wdl as fluid, have various powers 
of absorbing and concealing heat, and ^these powers are 
termed their capacities for heat. 

1. In the mateh'Syringe, (an instmment consisting simply of a 
small tube closed at one end, and an exactly fitted moyeable plug, ) 
a portion of the air of the coldest day may be squeezed so as to yield 
a spark, and ignite a portion of tinder pUiced under the plug. 
' 2. It is the water, howeyer low its temperature, and not the lime, 
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which gives out the large quantity of tenable heat, observed whibt it 
is becoming solid in the wdl known process of siaking lime. 

3. In the act of freezing, water gires oat heat ; this renders our 
frosty days frequently much more comfortable than the time of 
thawing ; for, on the contrary, dnring the latter process, the ice or 
snow, in becoming fluid, robs the air of the heat required for its 
fluidity. 

4. If equal weights of lead, chalk, and milk, be placed in an o?en 
to acquire its temperature, the chalk will require more time than the 
lead, and less time than the milk, for this purpose. Tins is owing 
to the difference of the capacities of these three bodies for heat ; and 
to prove that the chalk, and especially the milk, have absorbed, and 
rendered latent, a portion of heat which the lead has not, if each be put 
into an equal quantity of cold water, the chalk will raise the tempera- 
ture of its water more than the lead, and less than the milk. 

5. If a pan of ice or snow be placed before the fire, a thermome- 
ter plunged into it will show that the temperature is not raised above 
32^, (the freezing point,) until the whole is melted ; all the heat com- 
municated by the fire, however brisk, being absorbed and hidden by 
the water, as necessary to its fluid state. For a similar reason, we 
cannot, in the ordinary way, raise the temperature of water above 
212^, (the boiling point,) all additional heat being carried off in the 
latent state by the steam, as necessary to its gaseous condition. 

6. The same portion of latent heat is contained in a quantity of 
vapour slowly eseaped from the surface of a lake, as in the same 
quantity of vapour from a boiling cauldron. 

^ If it were not that in thawing, each particle of the 
frozen body in succession requires its portion of heat, it» 
liquefaction would be instantaneous. *' At the first touch 
of warmth, all the snow which lies on the roo£s of oar 
houses would descend like a water-spout into the streets ; 
all that which rests on the ground would rush like an 
inundation into the water courses." — WhewelVs Bridge- 
water Treatise, p. 92. 

If the conversion of the fluid into the aeriform state, 
were not, for the same reason, so gradual, the application 
of cold water to fire would cause a sudden and terrible 
explosion. 

1. On the lofty mountain top, (or in the partial vacuum obtained 
by an air-pump,) little heat is required to turn water into steam, and 
aU additional heat becomes latent ; hence, in such situations, pro- 
visions cannot be cooked by boiling. 

^ When a body of air is raised by being heated, (see 4 of V, 
p, 174») it further expands in volume as it becomes released 
from the pressure of the air formerly above it. The heat of 
its high temperature thus becomes latent in this its expanded 
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state ; and^ although it may have heen melting sealing-wax 
at the earth's suifeuse, it has not now the power of keeping 
its moisture invisible, (see Evaporation,) or even of dis- 
solving snow. Hence, it may deposit a cloud, and make 
its way along the frozen summits of mountains without 
changing their condition, (a) 

1. We may judge fi^m the above, that this body of aii, when it 
again reaches Uie earth's surface, will not necessarily be eold ; for, 
being again compressed by the weight of the atmosphere through 
which it has descended, a portion of its latent heat is again set free, 
and it may be nearly as warm as before its first rising. 

2. When, at the Cape of Good Hope, the wind blows from the 
south-east, the Table Mountain has its summit enveloped in a re- 
markably dense and beautiful cloud, which impears to be rolling over 
the mountain top, but never descends. " Tne reason of the pheno- 
menon is this — • « « Xhe air constituting the wind from 
the south-east, having passed over the vast southern ocean, comes 
charged with as much invisible moisture as its temperaturo can sus- 
tain. In rising up the side of the mountain, it is rising in the atmos- 
phere, and is therefore gradually escaping firom a part of tiie pressure 
lately borne ; and on attaining the summit, it has dilated so much, 
and has consequently become so much colder, that it lets go part of 
its moisture. This then appears as the cloud just describ^ ; but it 
no sooner falls over the edge of the mountsin, and again descends 
in the atmosphere to where it is pressed, and condensed and heated* 
as before, than it is re-dissolved and disappears ; the magnificent 
apparition dwelling only on the mountain top." — Dr* Amotfi BU- 
menis qfPAyncs, 



Remarkable deviations in the workingg of general laws^ with 
respect to the Atmosphere and to Water. 

1. With respect to the Atmosphere. Philosophers have 
ascertained that the atmosphere, imder ordinaiy circum-i 
stances, is thus composed : — 

(If we suppose any given quantity of air to be divided 
into 1000 equal parts,) 



Oxygen, 210. 

Azote or Nitrogen, 775. 



Aqueous Vapour, 14^« 
Carbonic Acid, A« 



(a) This removes a difficulty which the pupil may probably have 
found, in conceiving how perpetual snow should exist even in tro- 
pical climates. 

* That is, the heat which had become latent in its expanded 
state on the mountain top, becoming again disengaged by pressure, 
and raising its temperaturo. 
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But that by a wonderful and admirable exception to s 
general law, which would cause 'them to act upon each 
other and change their properties, these constituents do not 
become combined, t. e., they do not form a state of chemi- 
cal union, but are simply {a) diffused through eajdh other; 
and that this fact of the simple mixture of these elements 
of our "vital air*' in these proportions, "is the cause con- 
stantly operating," to prevent that " unequal distribution 
of them, which would speedily prove ^tal to organic 

2. With respect to Water. We have learned that bodies, 
generally, are expanded by heat, and that they are, coO' 
sequently, rendered dense in proportion as their heat is 
taken away. In the case of Ice, (the solidification of 
water,) the operation of this law would have caused it, as 
soon as formed, to sink in our rivers, and thus form layers 
at the bottom, until the whole became a congealed mass 
which no summer heat could liquefy. 

Mercury, oils, and other liquids, obey this law and con- 
tinue to contract ; but water contracts no longer than until 
reduced to the temperature of 40° ; it then begins to ex- 
pand, and its coldest portions, thus becoming lighter than 
the rest, float at its top, to become ice and to protect the 
rest of the water and its inhabitants. •' In order therefore, 
that water might not be frozen, and that air might not become 
irrespirable, laws must be infringed — and they are iv- 
FRINGED, infringed too, precisely where their infringement, 
both in kind and degree, is indispensably necessary to or- 
ganic existence/* — Dr, Prout. 



EVAFOEATIOK, CONDENSATION, CLOUDS, BAIN, ETC. 

^ We use the word Steam when referring to the vapour 
of hot water ; but water at all temperatures, even in the 



(a) Many snbstances, common salt for instance, deliqueseet i- f-* 
become fluid by mixture with the vapour they entice from the atmo- 
sphere. Sulphuric acid {vitriol) will double its weight][in this way. 

(b) The two principal gases of the air, viz., nitrogen and ozygeor 
in certain chemical union, form that virulent poison, nitric acid 
{aquaforti9.) 
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condition of snow or ice, is constantly supplying vapour 
to the atmosphere. Vapour, whether produced from fluid 
of a high or a low temperature, is invisible. Clouds, fogs, 
or the smoke-like wreaths which are seen issuing from the 
tea-kettle, are not vapour, but vapour condensed into 
••fine watery powder." The existence of a portion of 
vapour in the atmosphere, seems necessary to healthy 
breathing. The leaves of plants are frimished with the 
means of absorbing it for their continual nourishment ; and 
some plants can exist, and even grow, in this way, independ- 
ently of the soil. 

^ We have just seen, (p. 178,) that the water thus ex- 
isting invisibly in air, is not chemically united with it. 
Vapour '* may be considered as flowing (upward) among 
the particles of air, like a stream of water among pebbles,"* 
The particles of the air thus as it were, stand in the way 
of the rising of vapour, and it would seem that, accordingly, 
evaporation is a process regulated in some degree by the 
density of the air, or the quantity of it in any given space. 
" If a vacuum be formed, evaporation takes place suddenly." 
On our hottest days, and in our clearest state of weather, 
the air is most impregnated with vapour. It is most abun- 
dant in the atmosphere when most needed. 

1. The atmosphere of yapoor existing thus in the atmosphere of 
dry air, presses with its oum independent portion of that which, as a 
whole, supports the thirty inches of mercury in the barometer, (M 5.) 
But, by a beautiful provision, the temperature and elasticity of a por- 
tion of this vapour at any given height, follow a different law from 
that which, independently, the dry atmosphere follows ; and thus the 
vapour column has the property of remaining able to support eon- 
dtnsatiofu in the regions of clouds above, without so pressing upon 
the earth's surface as to preclude evaporation. *' If water exist there 
it will rise by evaporation, the surface /<?e/tii^ insufficient /ennoji.*'-- 
WhewelPs Bridgewater Treatise, p. 103. 

2. The quantity of vapour present in the air depends upon its 
temperature. If the air be saturated with moisture, that is, if it 
have quite as much as it is capable of holding in a state of invisibility, 
whilst only of its present warmth, it is evident that any reduction of 
its heat must cause it to let fall some of this moisture. This is seen 
when a glass of cold water, or any thing of low temperature, is first 
brought into a warm room ; or by the streaming on the panes of the 
windows of any place of assembly. 



* Whewell's Hist, of the Inductive Sciences, Vol. II. p. 5tl. 
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** We have seen, (D,.p. 176,) that if air become heated and 
thus expand and ascend, its further expansion, as it escapes 
from the pressure of what it leaves below it, reduces its 
temperature, by requiring and absorbing its heat and ren- 
dering it latent ; it must then, if before rising it were 
taturated, almost immediately deposit a portion of its 
▼apour ; so that, if the air in contact with the earth's sur- 
face were permitted to take yp as much moisture as its tem- 
perature tiiere could enable it to hold, directly it began to 
rise it must deposit a mist ; and we should live (if indeed 
we could so exist) under a constant fog, through which the 
ra3rs of the sun could not penetrate. The great Creator 
and Ordainer has provided against this. 

1. '* The air eveiy where incambent on the earth's surface, must 
always be under the point of saturation/' — Prout, 

Dr. Prout shows, (Bridgewater Treatise, p. 298,) that in con- 
sequence of the benevolent arrangement referred to above, the air at 
the equator, where the average temperature is 80^, is allowed to hold 
only such a portion of invisible vapour as is due to the temperature 
of 61^ ;* and thus that it can rise by expansion without thus de- 
positing its aqueous vapour, until it reaches, or rather gets above, the 
region of this temperature of 6r ; viz., 6000 or 7000 feet. '* At 
thu height, its vapour will be condensed and a cloud will be formed; 
which may either be precipitated on the spot from which its con- 
stituent vapour had risen, or may be transported by the currents of 
the atmosphere, similarly to refresh a distant country ; or may be 
again dissolved in the air : while under all these contingencies, the 
whole of the lower portion of the atmosphere is exempt from mist, 

and continues perfectly transparent. These operations are unceas- 
ijjg,i» » • • » » 

2. The very lofty summits of mountains, are much above the re- 



* Our young readers will now understand what is meant by " ^^ 
dew point. ^^ It is evident that if the earth's surface at the equator, 
imder these circumstances, be cooled down at night by radiation 
(Q, p. 172) below these 61°, it will rob this air, so in contact with it, of 
a portion of the water it contains, by robbing it of a portion of these 
61° of heat, and consequently of its power of keeping all its vapour. 
In our variable climate, the average temperature is 49^°, and on the 
average, the atmosphere in contact with the earth's surface with us, 
is possessed of no more vapour than it could hold at a temperature of 
44f ^ ; this therefore is our average ** dew point, ^^ In general, in any 
state of the atmosphere, ** there is a certain temperature lower than 
that of the atmosphere, to which, if we depress bodies, water forms 
on them in fine drops like dew ; this temperature is hence called the 
dew point :'^Wh€welV 8 Inductive Sciences, VoL II. p. 510. 
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gions of the douds. TraveQera who haye ascended such eminences, 
hare often contemplated the thunder-storm ra^ng^ fu heneath them. 
The Peak of Teneriffe has the clouds floating so far below it, that 
sailors at a great distance frequently mistake them for white diffs, 
or the crests of billows at its base. 

3. The dense fog which continues on the sea of the Polar regions, 
for weeks after the sun has begun his long Tisit, (see note to quest. 
3, p. 134,) is occasioned by the air from Uie land, which, being now 
warmer, and consequently containing much in^sible yapour, on 
coming into contact with the air of the colder sea, has a portion of 
this vapour condensed by it. The mists and fogs of our early sum- 
mer, arise from like causes. But a similar fog, for several weeks, 
clothes the sea surface at the end of the long sunny period there ; 
and this, on the contrary, is occasioned by the air on the warmer sea 
being, in its turn, cooled and caused to deposit Us moisture by the 
air which flows down frt>m the more rapidly chilling land. The 
mists and fogs prevalent in low situations in our autumnal season, 
arise from a simUar cause. 



LIGHT. 

^ *' Light is an emanation, or something which proceeds 
from bodies, and by means of which we are enabled to see 
them by the eye.** — Brewster's Optics. 

1 . " Some philosophers refer the origin of all luminous phenomena 
to the sun, whose beams are supposed to penetrate, and combine with, 
the different forms of terrestrial matter ; but we learn from scripture 
that light pre-existed before the sun, and that its subsequent condens- 
ation in his orb was a particular act of Almighty power. The phos- 
phorescence of minerals, buried since the origin of things in the bowels 
of the earth, coincides strictly with the Mosaic account of the crea- 
tion."— Dr. Ure'e Chem. Diet. 

2. ** No truth in philosophy seems to be now more dearly ascer- 
tained, than that light has a distinct existence, separate and inde- 
pendent of the sun. This is a striking confirmation of the Mosaic 
record ; for that expressly distinguishes the existence and operation 
of light from the solar action upon it. * * * An interval of 
three days is placed between the luminous creation, and the appear- 
ance and position of the sun and moon.*' — Sharon T\tmer^s Sacred 
HUtory of the World, Vol. I. p. 92, 

'* This grand physical truth could not have originated 4000 years 
ago from any human mind ; it is in opposition to ill ordinary sensa- 
tion."— iJid. p. 103. 

^ The circumstances tinder which we view luminous 
objects, very much influence our estimation of their 
brightness and size. We admire the brilliance of the 

R 
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fiill moon, yet the best computations find it to be only a 
three hundred thousandth part of the brilliance of the meri- 
dian sun. The dullest white cloud of day, if its light could 
be reserved and it could be suddenly introduced at night 
by the side of the moon, would outshine it. This may be 
imagined as we contrast these objects in the day-time. 

1. Uraniu, the planet most distant from our ami, reoeiTeB, on an 
equal portion of its snrfocef only a two thousandth part of the light 
which falls on Mercury, the planet nearest to that luminary; or, 
about a three hundred and fiftieth of that which a similar portion of 
our own surface receives ; but this is equal, nearly, to the light of 
900 full moons. 

2. When the moon is yotmg, the darker portion of her disk (see 
B on p. 15) appears like a part of a smaller body ; and it ia difficult 
to persuade one's self that the extremities of her bright cusps or 
horm are really portions of an unbroken outline. 

3. It is equally hard to believe, that the dilated appearance of the 
moon at her rising or setting, is owing to the warping of the judg- 
ment whilst we compare her with the terrestrial objects which inter- 
vene. If a large sheet of stiff paper (as of music paper) be rolled up, 
and carefully narrowed, until, on looking through it as a tube, we 
can exactly take in the circumference of the horizontal moon, it wiU 
be found, if tied up securely, to be sufficient only for taking in her 
circumference when she is at her greatest altitude. Astronomical 
measurement, indeed, can detect a real increase in her disk when 
considerably elevated, as she is then nearer to us. 
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" Self-luminous bodies, such as stars, flames of all kinds, 
and bodies which shine by being heated or rubbed, are 
those which possess in themselves the property of dis« 
charging light. Non-luminous bodies, are those whidi 
have not the power of discharging light of themselvea, but 
which throw back the light which falls upon them firom 
self-'luminous bodies/* 

1. ''When alighted candle is brought into a room, the form of 
the flame is seen by the light which proceeds from the flame itself; 
but the objects in the room are seen by the light which they receive 
from the candle, and again throw back, (or reflect,) whUst other ob- 
jects, on which the light of the candle does not fall, receive li^t 
from the white ceiling and walls, and thus become visible." — Sir J). 
Brewster^ 8 Optictf p. 1,2. 

2. Thus the sun and fixed stars are self-luminous ; but the moon 
and planets owe their appearance alone to the light thrown upon 
them from the sun, and reflected in all directions from their roughened 
surfaces. 
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3« The surface of the moon is evidently very mountainons, and the 
most skilful obsenrersi by means of the best telescopes, have de- 
tected remarkable protuberances in Venus. But the mountainous 
character of the surfaces of all the planets has been inferred from 
this, that they scatter the sun-beams they receive, and thus appear 
^eneraily illuminated. A polished ball of silver hung up in a room 
having black waUs and in which there is only one candle, like the 
<M>nvex mirror used in^drawing rooms, will reflect, to any one specta- 
tor, only one minute Js^re of the candle flame, and have the rest of 
its surface dark. 

4. If it were not for the reflecting particles abounding in our atmo- 
sphere, even the sun would fail to afford us daylight, and the heavens 
would be black except in that small portion in which his figure ap- 
pears. The blessing of Twilight, so important especially in some 
regions of our globe, would be idtogether unknown. At the summit 
of Mont Blanc, in consequence of the deficiency of atmosphere above 
for reflecting the rays of light, the sky appeared to Mons. Saussure 
as black as ebony. 

'* The reflection (or bending back) of light takes place, in 
some degree, from every surface upon which it Mis, or we 
should not see that surface; but even from those best 
polished, and consequently reflecting most, all the light 
that falls is not reflected. Some light always enters the 
substance, and, if not transmitted through it is lost within 
it. The general law of the reflection of light is that the 
course of a beam in returning from any point of a surfiBuse at 
which it has fallen, makes the same angle with the surface 
that it did in falling upon it. 

1. '* One of the most curious properties of bodies in their action 
upon light, is their power of absorbing it. * * * Even the 
most transparent bodies in nature, air and water, when in suf&dent 
thickness, are capable of absorbing a great quantity of light. On the 
summits of the highest mountains, where their light has to pass 
through a much less extent of air, a much greater number of stars iff 
visible to the eye than in tiie plains below.''—- Brffi0«/«r't Optics^ ' 
p. 137. 

2. " With respect to the propagation of light through water, it has 
been calculated, that not a tenth part of the incident light can advance 
flvefathome (thirty feet) downward ; and that, even of vertical rays, 
one half vi\o9tmthA first seventeen feet* * * * The depths 
of the ocean must be always in perpetual darkness." — Dr, ProuVs 
Bridgeumter TVeatise, p. 256. 

3. *' A vertical ray of light, in its passage through the clearest air, 
has been calculated to lose at least a fifth part of its intensity before 
it reaches the eartVs surface. From this cause, and from the actual 
condition of the atmosphere, it has been estimated that, under the 
most favourable circumstances, of 1000 rays emanating from the sun, 
only 378, at a medium, can penetrate to the surface of the earth at 
the equator ; 228 in the latitude of 45^, (half way between the equa- 
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tor and the pole,) and 110 only at the poles ; while in dondy weather, 
the several proportions are a great deid less/' — Ibid, p. 237. 

These statements are to be considered only as approximations to 
the truth ; it is not known whether they are equally applicable to the 
accompanying rays of heat. 

4. Sir Jolm Herschel oonjectares, from the rare appearance and 
want of permanence of the spots seen on Venus, and nupected on 
Mercury, that we do not see, as in the moon, their real surfaces, but 
only the intense light which is reflected from their atmospheres, 
much loaded with clouds, and from the glare of which their surfaces 
are thus protected* 

5. The atmosphere of the moon ** was beautifully seen under the 
most delicate of circumstances, during the annular eclipse of May 
1836, when, immediately before the completion of the ring, just be- 
fore the rims of the two bodies osculated, the light of the snn shot 
through the moon's atmosphere, mollified into lovely twilight.'* — 
Prqfe$tar NiehoPs Phenomena if the Solar Spetem, p. 162. 
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^ It may be stated, generally, that when a transparent 
substance is of uniform density, that is to say, when its com- 
ponent particles are equally and uniformly distributed, the 
light which enters it passes through it in an undeviating 
line. When its density varies, tiie course of the ray 
varies with it. So, also, if the course of light He through 
several substances of different densities, or different refrac- 
tive powers ; as through air and water,.jor through water 
and glass, or through glass into water and ultimately into airj 
in every instance, that inclination of the course of a ray 
which is occasioned by increased refraction, is towards a 
perpendicular to the point of the surface at which it enters ; 
as though the force of its movement were gradually hin- 
dered, and thus its way perverted, like that of a stone 
flung forcibly sideways into a pool. 

Let the accompanying figure re> 
present the vertical section of a glass 
globe exactly half-filled with a trans- 
parent substance, as water. Then 
win C be the centre of this globe. 

Let us now suppose a spark to 
have fallen upon the globe at S. 
Rays from this object will fall 
over the whole surface of the water 
from H to K ; but for the sake 
of measuring the direction of its 
course, we mU. neglect all but that 
which falls on the central point, C. 
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This nvt wkich wonld proceed in its straight forward path to (o) if 
the globe were quite emptyy will now, on entering the water, be 
diverted to W (a point nearer than o to the perpendicular Z N P 
drawn throngh C.) If the lower half of the globe, instead of being 
filled with water, were of wUd gUus, this ray would proceed to 6 ; 
and if we could have it of diamond, it would proceed to D. Hence, 
the eye must be placed at W, at G, or at D, to perceiTe S by means 
of thu beam, according to the '* medium *' through which the beam 
comes ; and, in looking along W C, or 6 C, or D C, it would see 
it more or Ins elevaied by refraction ; t. e., as if at W S, or G S, 
or DS. 

Q The angle SCZ, which the ray makes with the 
perpendicular ZN C P in fedling upon the surfiace at C, is 
measured hy its sine S N (K, p. 16.) So also, the lessened 
angle W C P, made by the path of the ray when refracted 
in its passage onward, is measured by W n, its sine. The 
ratio between these two sines S N and W n, found by 
dividing one of them by the other, (see R on page 11,) 
is called the Index of Refraction, 

Thus, suppose the length S N to be 60 inches, W n (in 
water) will be 45 inches ; G n (in glass) will be 40 ; D n 
(b ^damond) will be 24 only. Hence, the index of re- 
fraction of water is 60 divided by 45 or H ; of 'glass 60 -^ 
40 or 1 J ; of diamond 60 h- 24 or 2|. 



"* We have learned, (M 3, p. 170,) that the density of 
any portion of the fluid atmosphere in which we live, and 
through which we see the stars, &c., depends mainly upon 
the pressure of the other portion above. Hence, its density 
is comparatively little in the higher regions, and so its 
power of refracting rays of light. 

Thus the coarse of a ray proceeding 
from a heavenly body to impress onr 
sight, is necessarily bent more and 
more in its course until it reaches us. 
If we take 5 d D for portions of our 
atmosphere of differing height, (and 
therefore of differing density,) then 
1,2, 3, may be regarded as portions 
of that ray's course ; and the impress- 
ion with respect to the elevation of S ahoy H (the horizon) will be 
that it is at eL; or nearer to the zenith than it really is. 
1. The displacement by refraction, like that of parallax, (6 on p. 18,) 
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is grettv m die object is nearer tihe horiion ; but panHax d/e p r u MOj 
whilst refraction el^teit and hence, the difierenee between these two 
effects is allowed for in nauticd observations. 
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ABSO&FTIOK. 

* The Newtonian theory of light supposes it to consist ci 
'* material particlea emitted by luminous bodies and moving 
through space" with a velocity of 19^,000 miles per 
second. 

In the Undulatary theory,(a) " an exceedingly thin and 
elastic medium called ether is supposed to fill all space, and 
to occupy the intervals between the particles of material 
bodies, * * * and when any vibrations or unda- 
lations are propagated through this ether and reach the 
retina (b) of the eye, they excite the sensation of light. 
Dr, Brewster's Optics, Cab. Cyclop. 



%t 



^ All the varied beauties of colour result from what, on 
either of these hypotheses, is called the decomposition of 
light. Each beam of common light consists of at least 
three parts, the red, the yellow, and the blue. It is only 
when a body reflects to the eye all these parts of light, 
without disuniting them, that it appears white ; or when, 
on the contrary, it absorbs them all, that it appears bkcL 
The blue, and yellow, and red, and the various hues result- 
ing from the combinations of these, are all partial reflections 
of white light, of which the other portions are either being 
absorbed or scattered in other directions by the bodies pre- 
senting them. 

V When a beam of light is made to pass through the vexy 
oblique sides of a glass prism, (as through the cut glass 
ornaments of a chandelier,) it is decomposed and dispersed ; 
that is, it issues from it beautifully divided into its consti- 
tuents, in a lengthened figure which is called the spectrum. 



(a) First suggested about the same period as Newton's by Hn^' 
ghens, a Dutch mathematician. 

(6) The web of nerves behind the eye. 
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1. The oolonn of the spectrum, and the oompoimds fonned V 
where they encroach on one another, are feeen, and their order I 
may be recollected hy the word mbgyor. If seven powders, each 
distinctly having the colour of a ray of the spectrum, be mixed 
in the proportion of the spaces which their colours occupy in the 
spectrum, they will form a white powder ; but the white wiU be O 
dingy, because the separate colours cannot be accurately imitated. 

2. In note C to H on p. 15, we referred to the decomposition of 
light which takes place as it passes through those portions of an un- 
corrected lens which are nearest to the circumference, and therefore 
reoeiTO rays most obliquely. The beautiful colours of sun-set or sun- 
rise, are caused by the decomposition of light coming to us in so 
oblique a direction, through so large a portion of the lower atmo- 
sphere and the exhalations it contains. 

3. The rainbow is produced by the decomposition of the sun- 
beams, cast from behind the observer into those spherical drops of the 
nun, falling at a distance in front of him, which are so situated as to 
reflect to hun, in a refiracted and dispersed state, the light they receive. 
Only one of the coloured rays out of the seven that are at any instant 
proceeding from a drop of rain thus situated, can have its course so 
directed as to reach the eye of the spectator ; and thus a second per- 
son may be near receiving the red ray from a drop which, at the in- 
stant, is supplying the blue one to his neighbour. Hence it is often 
said, no two persons can see the same rainbow. 

4. The pupil cannot have failed to notice the difference of colour 
of the more brilliant stars ; the contrast, for instance, presented by 
Sirins and Aldebaran, by Vega and Arcturus or CapeUa. Several 
of those most wonderful objects, the telescopic double stars, have 
their individuals thus contrasted; a f«d and a green one for instance, 
or a yellow and a blue. If (as in all .probability is the fact) we 
imagine such to be suns, jointly serving as luminaries to systems of 
planets revolving amidst their beams, we may conceive of the alternate 
linion, separation, and absence of their beams, from the hemispheres 
of those rotating planets, as yielding, alternately, a white day or a 
green one, or a red or yellow one, and darkness. 

5. Rub a little table salt into a small skein of lamp cotton, and 
phice it in a cup with a little spirit of wine. The light produced by 
inflaming this has no red in it, and cannot, therefore, afford any by 
reflection. Accordingly, the rose or peony appears by this light of 
lead colour ; and the more healthful and florid an individual is, the 
more ghastly he will appear. 



THE SPSCTRUM. 

^ The " Spectrum," or exhibition of the divided beam, 
fsee V p. 186,) is found to consist of two invisible parts, 
besides the three colours and their compounds. 

These invisible parts are : — ITie Chemical rays, and the 
Calorific or heating rays. The chemical rays are known 
by their effects on vegetable colour and on some minerals : 
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The beating rays are indispensable to the existence of the 

animal and vegetable creation. 

According to Sir David Brewster's analysis, 
each of the three colours (blue» yellow, and 
red«) pervades the whole of the spectnun; 
but presents itself to the eye as a colour, 
only where it is not so mixed with the other 
two as to constitute white with them. 
Each of the two invisible parts of a beam, 
(referred to above,) likewise pervades the 
whole spectrum; but the heating ray in- 

11^ creases in intensity towards R, (the red 
« end,) where it overlaps; the chemical ray 
^ being similarly diffused in the contrary di- 
y rection and overlapping at V, (the blue or 
violet end). 

1 . By placing in the several coloured dlTisionB of the spectmm, 
anuJl pieces of card moistened with a solution of horn silTcr, (chlo- 
ride of silver,) the powers of the several portions of the chemical ray 
belonging to the different colours, are made evident by the several 
greater Agrees of blackness those pieces of card acquire which are 
nearest to B, the blue or violet end. 

2. The recent application of the chemical influence of light to 
Photogenic dratoing, is by means of paper washed over with ti&e salts 
of silver. 

3. Mrs. SomervUle and some of the continental philosophers, have 
^ound that needles may be magnetised by keeping them for some 
time in the blue or violet end of the spectrum ; but that there is no 
effect produced by exposing them to the red end. 

4. A black substance, in absorbing all the parts of light without 
reflecting any of them, absorbs, with tibem, all the several portions (rf 
the calorific ray which belong to them, and accordingly, becomes 
sooner wanned than a substance of any colour. A substance of a 
blue colour, or one reflecting the blue part of light, reflects with the 
blue, only that least portion of the heating rays which belongs to that 
colour ; and since it absorbs all the other colours, and with them 
their portions of the heating rays, a blue substance becomes heated 
almost as soon as a black one. Next to white bodies, (which absorb- 
ing scarcely any of the parts of light and heat, reflect nearly all of 
them,) the red, reflecting with that tint the large portion of the heat- 
ing ray belonging to it, is the slowest of colours to retain warmth, 
and of course, the most ready to impart it by reflection : the inter- 
vening yellow, and its pompounds green and orange, following their 
order in the absorption or reflection of heat. 

X Although these invisible portions of light, viz., the 
chemical and the heating rays, are found with their inten- 
sities thus spread into opposite directions oyer the decom 
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posed beam, yet as long as light is imdecomposed, there is 
reason to believe that they are equally diffused throughout 
it; so that their influence operates, in some degree, in the 
common light of the dullest day. 

1. Vegetation of many kinds exposed only to sueh light, wiU thrive 
and be green, but will be white and sickly without it. 

2. Not only the heat of the direct sun-beam, but that existing in 
the common daylight will have an influence in deadening the fire, by 
consuming a portion of the oxygen of the air which is necessary to 
sustain it. 

^ *' It is by the light of the sun that the coloured juices of 
plants are elaborated, that the colours of bodies are changed, 
and that many chemical combinations and decompositions 
are effected." — Brewster's Optics, Cab. Cyclop, p. 184. 

1. An English manufacturer of pigments contracted to pay a con- 
siderable sum to a continental chemist, for a discovery of that part of 
the process of making French vermilion which produced the superi- 
ority of its colour ; but he had the mortification of finding that the 
Frenchman had nothing new to communicate, the effect being due 
alone to the less interrupted brightness of French daylight. 

2. Vermilion is a chemical compound of mercury (quicksilver) and 
sulphuric add, (vitriol) : long continued exposure to light will re- 
duce it to its constituents ; the acid being thus separated, and the 
quicksilver uniting into globules. 

3. The quantity and continuance of the direct beams of the sun, 
(and therefore of their chemical influence,) have a remarkable con* 
nexion with the colours of flowers, &c. A red flower may not be 
met with in a range of miles over a damp and misty district The 
colours of vegetation are paler as latitudes are higher, and the beams 
of the sun less direct. The tropical regions are characterized by the 
splendour of the colours of their plants, as well as of their birds> 
insects, &c. 

4. Professor Moseley has beautifully alluded to the hemispherical 
side of a peach, as exhibiting, according as the parts of its surface have 
i^eceived the sun-beams more or less direcUy, no bad miniature of the 
colours of vegetation in the different latitudes of our globe. 

^ The heat "which exists in light is subject to the same 
laws of reflection and refraction with those of light itself ; 
but many substances, which freely admit the passage of the 
visible portion of a beam, have the power of arresting its 
heat; whilst on the contrary, there are bodies which entirely 
intercept the visible light of the beam, but freely transmit 
the invifiible heating portion of it. 

1. Three or four times more heat from the flame of a lamp, will 
pass through a very thick and opaque lump of quartz, (rock crystal,) 
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than can be made to pass, from the same source, through a Terj 
transparent plate of alum of one hundredth of its thiclmess. 

2. On the contrary, rock-salt freely admits the passage of any 
radiant heat, whetlier it proceed from the sun or from lukewarm 
water ; and glass of so black a stain as to transmit no light from 
the sun, wiU freely transmit heat from it. 

3. ^ndteuess characterizes the polar regions. From dark surfaces, 
and coloured surfoces generally, the lig^t and heat that are most 
obliquely cast upon them are reflected most, and therefore least ^ 
sorbed. But from a white surface, on the contrary, the light and 
heat thus cast are nutst absorbed and leatt reflected. ]ji this law we 
see a provision which renders the prevailing condition of the frigid 
sones extremely favourable to the absorption of the very slanting 
rays they receive. If, instead of intensity of colour, whiteness had 
preraUed in the torrid zones, the reflection of light and heat would 
have rendered them quite uninhabitable. 

^ The chemical and calorific portions of the solar ray, 
although known to us only by other sensations than those 
of sight, may be visible to the eyes of many of t^e inferior 
animals, since many of them evidently possess capabilities 
and sensations which we do hot possess. 

** We are altogether ignorant of the perceptions which 
direct the carrier pigeon to his home, and the vulture to 
his prey before he himself is visible even as a speck in the 
heavens. * * * So likewise, beings may exist 
on earth, in the air, or in the waters, which hear sounds 
our ears are incapable of hearing, and which see rays of 
light and heat, of which we are unconscious." — Mrs. S(m£r'' 
villes Connexion of Physical Sciences, p. 244. 



*^* The Author has devoted considerable space to notica 
of the different states of the matter existing on our planet, 
and the phenomena arising from the action of light and heat 
upon them, because he has generally found an inclination to con^ 
sidersuch things in young persons who are learning the " Use 
of the Globes ;' and because, however cursory and deficient, 
such notices may lead to a habit of investigation. 

The pupil who may have attentively read over the foregoing 
pages, is certainly the better prepared to conceive that the 
glare and heat which it is often said must be on the surfaces 
of Mercury and Venus, the dreariness of the unattended planet 
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MarSfthe coldness anddulness of Jupiter, Saturn, and Uranus, 
even should they be the abodes of beings somewhat like ouT' 
selves, are not conditions necessarily resulting from greater 
or less remoteness from the sun. 



^ Philosophers^ at present, more generally f&vour the 
Huyghenian or Undulatory h3rpothesi8 of light, as appa* 
rently according more fully with recent experiments and 
disclosures ;(c) but whichever of them be adopted, whether 
we consider light as matter traversing space, or as the 
mere agitation of matter, the rate of its progress in the one 
case, or of its propagation in the other, is almost incon- 
ceivably great. 

1. We learn (S p. I860 that light, if material, travels at the rate (d) 
of 192,000 miles per second. We can form our idea of this more 
readily, by considering that it is equal to the rapidity of a body 
which could travel nearly seven times around our earth, between the 
two throbs of a healthy pulse. 

2. *' Befope we can look at a single letter of a book, so as to know 
the form of it, the light by which it was repealed to us, if the eastern 
light of the morning, will be as far away as the atmosphere over 
America.'* Readings in Science, p. 47. 

3. Light, however, takes eight minutes to reach us from the sun, 
80 that it is often said, if he were suddenly annihilated we might con- 
tinue to behold him for that length of time. From Uranus or Herschel, 
(our sun's most distant planet,) light does not arrive in less than be- 
tween two and three hours, so that we never see that planet in its true 
place. It has been remarked, in consideration of the distance of the 
fixed stars, that some of them, which may have been for ages '*put 
out," maybe still appearing, the last rays that left them not having yet 
reached our eyes ; whilst the first beams of others not having arrived, 
we are not yet apprized of their existence. 

4. Sir J. F. W. Herschers table of the data of the Undulatory theory 
of light states the number of undulations of ether requisite to produce 
the red ray to be 458 millions of millions per second, and those to 
produce the violet, 727 millions of millions per second 1 

(c) ** Still it is by no means impossible that the Newtonian theory 
of light, if cultivated with equal diligence with the Huyghenian, 
might lead lo an equally plausible explanation of phenomena now 
considered as beyond its reach.^' Sir J. F, W. HertcheVe Discourse, 
p. 262. 

(d) A most curious and interesting application of the rate at which 
lig^t is known to travel, is given under the head of ** Double Stars." 
For the discovery of the velocity of light, see ** Jupiter's Satellites." 
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SHADOWS. 

^ The shadow of a hody Ib its interception of the rays of 
any luminary. The shadow (properly the space shadowed) 
is consequently, proportionate to the relative sizes of the 
luminary and the ohstructing hody. 

If there were a planet of the same dimensions as the sun, 
the form of its shadowed space would he a cylinder: if 
there were a planet larger than the sun, the shadow cast 
by such a planet would diverge in space. But, such is the 
bulk of the sun, the shadow cast by each of the primaiy 
planets, la a cone converging to a point far short of the dis- 
tance of any other planet than one of its own satellites. 

1. A mere shadow is iiiTisible: in common conyersation we de- 
scribe a section of the tme shadow or shadowed space, by the term 
** shadow" ; and referring to the confines of light, we say the shadow 
is '*long** or ** short,*' according as it presents a more or less dis- 
torted outline of the body shadowing ; or, as we describe it aaJklliMg 
upon a surface placed more or less obliquely within the shadowed 
space. Thus our own '* shadows" are said to be longest on the 
ground when the sun is setting, and shortest when he is at his noon- > 
tide height. 

2. A shadow presents a faithful outline or form of the obstructiiig 
body, when it is received upon a surface which is perpendicular to the 
rays which are intercepted. No body except a sphere presents the 
same outline under all aspects. Now the outline of the shadow of 
the earth, as seen upon the moon when we eclipse her, is invariably 
circular ; and this is a proof, amongst others, that our dwelling place 
is a globe, as the telescope shows all the other planets, as well as the 
great sun himself, to be. 

3. It is evident that the ring of Saturn is an opaque body, since it 
distinctly shadows those parts of the planet's surface which Ue in the 
same plane with certain portions of the ring's illuminated suifBux and 
the sun. It would seem that a part of the zone of Saturn thus 
shadowed, must be altogether out of sun-light for 15 years together,' 
such being the period during which the upper and under surface of 
the ring are severally presented to the sun. 

4. A satellite of Jupiter, as it passes around him during those 
months in which, whilst we look at him, the sun is below the horizon 
to our left, is seen to cast its shadow like a little ink blot towards the 
right upon Jupiter's left edge or eastern limb, before the satellite 
itself begins to pass over it ; and this shadow, after traversing the 
disk of Jupiter, leaves it distinctly before the satellite does. The 
satellite then pursuing its course, is seen to our right of Jupiter, until 
as its path curves round away from us, it becomes obscured and dis- 
appears in the shadow of Jupiter himself; being behind him as it 
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regards the sun, and therefore edipaed by Jupiter's shadow, whilst 
not yet behind him as it regards our own station. 

The contrary of these positions of the shadows of Jupiter and his 
satellites, takes place after Jupiter's opposition to the sun ; that is, 
after we, by pursuing our path around Uie sun, have moved into the 
space between him and Jupiter, and have passed on to the left ; so 
that, in looking at Jupiter, we have the sun behind us towards our 
right koKd, The shadows of Jupiter and those of his satellites are 
then cast towards our left, or in an eastern direction. 

5. The projections of shadow firom the numerous mountains on 
the wondeiful surface of our moon, are ever changing their lengths 
and their outlines. When she is in opposition, or ' * full,* ' her hollows 
are filled up with light, and her mountains are perceptible only by 
the greater quantity of the sun-beams they reflect from their rugged 
and extended surfaces. But if, for example, we examine her when a 
week old» or when she is a '* half-moon,'* we see that these elevations 
are casting shadows short in proportion as they are near her smooth 
or rounded edge, where the sun is nearly vertical ; whilst those near her 
rough edge, or where her surface is just rising into the sun-beams, 
are displaying very long black shadows. These shadows very per- 
ceptibly shorten and vary as they are watched during that small por- 
tion of the moon's rotation on her axis, which takes place during a 
few hours of one of our nights. 

6. Since the luminary, &e shadowing body, and the shadow, must 
all be in the same plane, and since the axis of the earth is in the same 
plane with every meridian, and the earth's magnitude is inconsidera- 
ble when compared with the sun's distance ; if we place the straight 
edge of a board, or other similar body, duly north and south, and at 
such inclination to a level surface as the axis of the earth has to our 
horizon, this edge of board wUi be in the same plane also with all the 
meridians of our earth ; and the shadow of it wili, at any instant, cut 
this level, exactly as the shadow of that meridian plane which at the 
instant is turned towards the sun would cut it, were such meridian 
plane material and standing up above the earth's surface to cast a 
shadow upon our rational horizon. The gnomons of our horizontal 
sun-dials give their shadows thus. 

7. The semi-diameter of the earth (^4000 miles) is insignificant when 
contrasted with the semi-diameter of the earth's orbit, or our 95 
millions of miles' distance from the sun ; so that if we arrange the 
common terrestrial globe with its axis parallel to the earth's and its 
surface so that the spot which represents our station may be upper- 
most, the sun wiU shine upon the several situations depicted on its 
surfoce as it would shine upon them were this globe placed at the 
earth's centre ; or as it is shining, at the instant, upon the several 
real situations which those are drawn to represent. Fortius purpose 
set the globe in the sunshine north and south by the compass (allow« 
ing for variation, and taking care that the table or floor upon which 
the globe rests be truly horizontal) ; elevate the pole to the latitude, 
and make the spot representing the place of residence, as London, 
&c., uppermost, by bringing it to the brazen meridian. The sun will 
now shine over the north or south pole so many degrees as are equal 
to his declination ; and fine needles stuck perpendicularly into different 

s 
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parts of the sarfiice will project sbadows, corresponding, in direction 
and proportionate lengths, with those wliich erections in the several 
corresponding stations on the earth's- sorfkce are projecting at the 
same instant.— -(See '* Problems for the Sunshine." Sect. III.) 

8. Smot the moon's distance firom ns is only about a four-hun- 
dredth part of our distance firom the sun, with regard to his beams 
we may consider even her sur&ce and our own as existing together ; 
so that his light is cast upon us and upon her in a direction very 
nearly similar at any given instant. If, when she is above the hori- 
zon, we hold up a globe in the sunshine in the same direction as that 
in which she is appearing in the sky, (so as nearly to hide her from 
our view,) we shall see her phase of that time correctly represented 
by the globe surface. This may be better seen on one of the large 
white stone balls frequently placed on the pillars of gateways, if we 
can get on that side which is nearly opposite to the moon. 



^ Since we see any tiring only by means of the rays it 
supplies to us, no part of the space totally shadowed can 
afford a station fr-om which any portion of the shining 
body may be viewed. But around the space totally 
shadowed there is a diverging space, from yarious stations 
within which various portions only of the shining body 
may be seen. The space thus partially shadowed in various 
degrees is called the penumbra : Lat. pene (almost) and 
umbra (a shadow). 

1. The penumbra thus surrounding the umbra or perfect shadow, 
may be seen by holding up a small globe in the sunshine, against a 
white wall or sheet of paper. When the globe is hdd near the wall, 
the outline of the umbra is large and distinct ; but in proportion as 
the globe is held at a distance from the wall, its boundary diminishes 
and becomes confounded mth the haziness which surrounds it 
If the eye could be stationed in this hazy portion of shadow, (the 
penumbra,) it would see the globe hiding only a part of the sun. 

2. The divergency of the penumbra, as may be readily understood 
from the accompanying figures, will be less the greater the distance 
of the sun. Thus the penumbra of Jupiter's shadow is incontiderable, 
at least where it falls upon his sateUites. That portion of the earth'i 
penumbra which begins the obscuration of the moon at the times of 
her eclipse, is narrow, because, from her nearness, and the length of 
the earth's shadow, she passes through a wide part of that shadow. 
But the penumbra of the moon, which falls upon the earth when she 
eclipses the sun, is extensive, because the length of the cone of her 
shadow does not much exceed her distance frt)m the earth, and 
sometimes even falls short of it. 
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Let S represent the sun/ 
E H the earth, and U the 
extremity of the earth's nm- 
bra; then the arrow and 
M, with the sivUar little 
circles in the curve we have 
drawn, will represent the 
., moon hn Ttrious portions 

OT her orbit, dnriag (and before and after) her eclipse by the earth. 
We have placed an eye at each extremity of the pennmbral space, to 
denote where the earth is no longer obstructing a view of the sun. 
But It is evident that at Pe, only the «pper portion of Ae sun might 
be seen ; « also, that wl^lst paasing HbeJimMr pordonof pennmbral 
space, the lower p^rt only will be visible. 

Let S be the sun, 

with a diameter of its 

Sf.^ '"* '--^^^^'^^^^^^■s./^ disk dotted into twelve 

digits; then M may re- 
present the moon with 
her darkened hemi- 
sphere toward I3ie earth, and her shadow with its apex a little more 
than reaching the earHi's surface. The two eyes and the dotted lines, 
shew two stations on the earth jnst escaping a view of tiie edipse of 
the sun ; the penumbra, and the portion of the earth's surface situ- 
ated within it, being lightly shewn on each side of the moon's umbra. 
P is a station in tiie penumbra, and a £ne drawn from it touching the 
moon, and reaching a digit of the sun's diameter, shews the partial 
eclipse of the sun at the station P, whilst it is total at U and a smaU 
portion of country surrounding it. 




* It is to be remembered, in looking at any such representation as 
the accompan3^g, ^^ ^^ ^^^ ^^^ moon and earth, that it is neces- 
sarily out of an proportion. The moon, for instance, ought to be 
removed from the eiurth about thirty times the earth's diameter, and 
the sun should be at 400 times the moon's distance : hence, in No. 
1) the earth's penumbra is drawn exceedingly large ; and in No. 2, 
the sun is made exceedingly small to accommodate the moon's penum- 
bra to a portion of the earth's surface. 



196 



ELECTRICITY. 

c Most of those who are mftlnng use of globes have wit- 
nessed the experiments made wit^ the usual electrifying 
machine, and have learned that the brilliant phenomena 
exhibited in them are referred by philosophers to one or other 
of two h3rpotheBes, either of which will serve to explain them: 
some philosophers considering that there is one fluid, in- 
visible and wonderfully subtile, pervading every sur£ftoe of 
every body however large or minute, and probably the 
same with that ethereal fluid which is conceived to exist 
throughout the regions of space ; and other philosopherB 
supposing that there are two such fluids clothing the sor- 
hce» of bodies. 

Those who f&vour the hypothesis of the existence of 
two electric fluids, conceive of them as neutralizing each 
other when in a state of combination ; but as being dis- 
turbed and separated by various means, and each, then, in- 
dividually exhibiting its peculiarity in what is called aa 
electric state. Those who prefer the hypothesis of the 
» existence of but one electric fluid, attribute the phenomena 
which bodies exhibit under excitation, to a redundancy or 
defect of that fluid ; and a body is said to be pontwehf 
or negatively electrified accordingly. 

1. Bodies under the infloenoe of the 9ame state of excitation rqnl 
each other ; whilst those affected with contrary states are attracted 
toward each other. 

^ Some bodies admit the passage of electricity with 
great f&cility, so that, when they are made to connect bodies 
in opposite states of excitation, equilibrium is restored by 
them as a means of communication and transference. Such 
bodies are called Conductors : of these the metals are the 
chief, and copper the most ready of all conductors. 

Other bodies oppose the passage of electricity^ or, at 
least, offier no fatality to its passage ; and of this class of 
non-conductors, the air, when dry, is one of the chief. 

K But electric excitation is produced by an electrified 
body on all bodies in its vicinity: a body positively electrified 
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pTodadng a negative state* and one negatively electrified 
«fileotiag the sn^usea near it y/ith positive electricity, evea 
althongh a body peifectiy non<-condtBu:ting eziat between 
tiiem. A body thus aifieeted by aaotlier is said to be eke* 
tnfied by IiidueiioM. 

1. Thus, a cloud poflitivdy or negatiTdy diarged with electricity 
produces a contrary state of distarbance on the sorftce of the land 
immediately beneatii it ; and many persons experience a disagreeable 
sensation arisiBg firom this, eren when there is no dischai^ by a 
thunder-storm* 

2, Probably many of the inferior animals are not only vuionsly sas- 
«eptible of the influence of the electric state, but to a much greater 
degree than oorselyes. Vegetation also, and the diiTerent substances 
composing the surface itself are yaiiously affected by the presence of 
an electric doud ; a thunder-storm may be tempted down or arerted 
according as the nature of the soil is susceptible or not of this indueU 



^ Theie are many substances on which an electric state 
may be produced by friction : such bodies are called Elec^ 
tries — glass« silk, resins, and many others, are of this class. 
A disturbance of the electric fluid or fluids, and therefore 
an electric state, is produced, in the use of the common 
electrifying machine, by the rapid friction of a cylinder or 
disk of glass against silk ; the glass, in this case, becoming 
charged with positive, and the silk with negative, elec- 
tricity. 

** But chemical action aho, as when tartaric add efferves- 
ces wi& soda or aquafortis corrodes a metal, produces an 
electric state. Even heat when unequally applied to metals 
is a means of exciting electricity ; and as the earth rotates 
under the sun, the unequal action of heat on the different 
substances of which the crust of tiie earth is composed, 
probably produces dectric currents; for such "electric 
currents have been produced by the contact of two pieces 
of mcMst day of winch one was hotter than ^e other." 
— Conaextoa of the Physical Sciences, p, 364, 4th edition. 

^ Any cause, whatever it be, that operates to disturb the 
i^hesive attraction (F. on p. 167) of the particles compos- 
ing a body, produoea an electric disturbance in it. We 
may not possess the means of rendering it palpable, but 

s 2 
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every motum of our bodies, every degree of ftictioii and 
preasnie, even the movement of the lipe in spealdiig, miut 
tend to develop electricity ; although, in the case of all 
bodies that have conducting power, the electric state is 
not rendered evident even by the most delicate teats, be- 
cause such bodies cannot retain that state unless they are 
insulated from other bodies by means of those that are non« 
conducting. 



VOLTAISM, OB GALVANISM. 



The electricity obtained by friction differs from that de- 
rived from chemical action, (and which is called Voltaism, 
or Gblvanism, from the names of those who first noticed 
it,) only in the mode of its operation. 

The former is discharged by an instantaneous energy; 
the whole result of tiie excitation being at once exhaosted 
when the means of conducting it are applied. But the 
agency of voltaic electricity is energetic by constant accu- 
mulation, and continues to be reproduced when that end of 
the machine, (or battery as it is (»Ued,) which is affected by 
positive electricity, is made to communicate with that end 
which is negative ; as if a common " electric battery were 
feebly charged and constantiy renewing its chaige."* 

^ The identity of electrical and chemical action is com* 
pletely established by the demonstrations made by voltaism. 
*' Bodies are held together hy a definite power, which, when it 
ceases to discharge that office, may he thrown into the conH" 
tion of ah electric current, "f and thus, during the whole of 
the time that the add is employed in corroding, and thus 
decomposing, the molecules (B I. p. 166) of a piece of 
metal, these molecules, by becoming separated from the 
mass, are yielding a stream of electricity which may be 
transferred to remote parts and applied in various wap. 



• WlieveU'8 InduotiTe Sdenoes, Vol. III., p. 73, 
t Ibid. p. 169. 
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Z— o— C Z*-a— € Z— «— C Z— 0— C 

Let Z (to the left) represent a plate of nnc, (a) a portion of 
diluted salphuric add, CZ a similar plate of copper attached to a 
second similar plate of unc, (a) a second portion of add, &c. 

The metal usually employed for the production of vol- 
taic electricity is zinc, as that metal affords an abundance 
of it when exposed to the action of very dilute sulphuric 
add. The zinc (see the extreme left above) becomes nega- 
tive whilst thus parting with its electricity to the acid ; and 
the acid, by corroding it, thus acquires positive elec- 
tricity. 

Copper,being but slowly corroded by this add, is employed 
in a piece of similar extent of surface, (see CZ above,) to 
convey this positive state of the acid to another adjoining 
simikr plate of zinc, which second plate of zinc passes it 
on to tf« neighbouring second portion of add, in addition to 
what that add is compelling it to yield of its own. This 
second portion of add having, (so to speak,) an accumu- 
lation of dectridty, again parts with it to a second similar 
pkte of copper ; and the third zinc, in contact with this 
conducting plate of copper, is thus provided with a still 
larger augmentation of dectridty, to supply, in addition 
to its own, to its own corroding third portion of acid, and 
80 on. 

Hence, the pupil may see that the copper, to the extreme 
right, is highly charged in proportion to the number of 
corrouons intervening between it and the first zinc. A 
wire is made to connect this copper with the first zinc, and 
thus the circuit is completed. 

If one hand be moistened and applied to G, whilst the 
other hand is in connection with Z, we shall fed a shock 
as we thus complete the drcuit, provided the series is suffi- 
ciently extended. 
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MAGNETISM. 

P The loadstone, in which the magnetic property was 
first diBcorered, is an ore of iron, generally of a dull grey 
colour, found in several parts of Asia and Europe. The 
obedience of iron to an attractive influence from tliis mine- 
ral was observed in a very eariy age of liie world ; but the 
delicate tests which the present state of philosophy fur- 
nishes can detect various degrees of susceptibility of mag- 
netic influence in many of the metals, and even in other 
bodies ; although iron, and the minerals which contain it, 
are chiefly susceptible. 

^ But it is not until iron is converted inl» steel that it is 
capable of retaining those peculiarities which constitute a 
magnet ; and the chief of tiiese were not perceived by the 
first discoverers of the attractive influence of the loadstone. 
These peculiarities of a magnet are, 

I. Polarity-^its two extrenuties being endued with contrary 
propensities; so thcU, whilst one of its ends attracts, and is 
attracted bg, one end only of another magnet, its other end 
will have the contrary effect of repelling it.* 

I. Thus, if we bring one of the litdo magnets used as diil- 
dren's toys» to the compass needle of the globe, one of its ends, 
when presented to the pointer marked N, will drive it away» whilst 
the other will attract it. 

II. The very evident attraction of iron generally. (This 
probably was all that was known for several ages.) 

1 . Dip either of the ends of a magnet into a quantity of common 
iron-filings, and they will cling to it so tenaciously as to be wiped 
off with cUfficolty. The filings do not adhere to the middle of the 
magnet. 

2. The lungs of the workmen in the large grinderies of cutlery at 
Sheflieid, are now preserved from the very injurious influence of the 
invisible particles of steel whidi formerly impregnated the air, and 
which they consequently inhaled, by means of the erection of Uige 
magnets near their several grindstones. 



«. The middle of a magnet is neutral, and exerts no power. 
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III. The property of imparting its power to other iron by 
friction or other contact, or even by mere approach without 
actual contact. The latter, (like the analagous effect of an 
electrified hody, see K p. 196,) is called Induction. 

1 . Select a needle that has not too flat an eye, and rub it lengthwise 
with the two ends of a hone-Bhoe magnet : the hard steel of the needle 
is now, itself, permanently magnetic ; and if laid right and left upon 
a smooth table, its polarity will be apparent when tiie two poles of 
the magnet are presented to it similarly and at oncci by its rolling 
away before it. 

2. Present a bar or straight magnet within a quarter of an inch of 
the end of a little bar of unmagnetised iroiu (an inch in length of 
Tery thidc soft iron wire, or a small key,) and it will be found that, 
whilst thus held, the wire or key, although not touching the magnet, 
^possesses magnetism at its remote end, as well as that which is 
nearer to the magnet. 

3. A large magnet presented near a watch will stop it by exerting 
its influence on the steel balance-wheel. The watch may go on again 
when the magnet is remoTcd ; but the wheel will have become per- 
manently magnetic, and the watch must be provided with a new 
one. 



s But what principally concerns us, is the directive pro- 
perty of the magnet, or that by which, when freely sus- 
pended, one of ite ends is directed towards some certain 
point of the horizon of any place on our earth. 

This point of its direction is different on different parts 
of the surfJEUM of our globe. Thus, whilst in some places 
it is exactly along the meridian, or duly north and south, (as 
near New York,) in other places its deviation from the me- 
ridian is considerable, as in London 34^° westward ; and tn 
some places it actually stands at right angles to it, thus point- 
ing east and west ! 

"T The intenseness also, (if we may use the expression) of 
this pointing of the poized magnet, varies with the station 
from which it points. Thus, there are some places where, if 
a bar or needle of steel be exactly balanced, being freely sus- 
pended by its middle, and afterwards be magnetised, it con- 
tinues to be balanced as before ; but such stations on the 
earth's surface are few; lying nearly in a line surrounding 
it like an equator, and indeed deviating from the reid 
equator only about 1^ on each side of it. In all other 
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parte of the earth the lialanced steel, when thus rendered 
magnetic, no longer hangs in equiHbrio, but dips one of 
ite ende. In London this dip is 69° 38', or within 21° of 
rendering it perpendicular. As we approach the north 
polar regions this dip becomes greater ; and at a certain 
paint of the surface there it actoally assumes the perpen- 
dicular, and becomes useless as to ite directive power. 

Southward of the line of stations described above, and 
named "the Magnetic Equator," the dipping is of the 
other end or that which pointe towards a spot within the 
AntBicdc regions. 

V Now the pupil who may have noticed the peculiaiitie8 
of a magnet, and will consider these positions, which, 
when freely suspended, aU magnate will assume in those 
different stetions of the earth, must be prepared to allow 
that the earth ie acting upon them by an exclusive attraction, 
as if it were itself a huge magnet with the polarity, or power 
of ite extremities, sufficient to be felt in some degree all over 
its surface ; and yet that the intenseness of this power is so 
arranged as to indicate that, though not coinciding with 
ite poles as a roteting globe, (since, if they were, every 
magnet would point exactly thither,) these two magnetic 
poles are each of them within a polar region or frigid zone, 
and that the one nearer to which we are living must lie in west 
longitude, and not far from the longitude of New York. 



w The paragraphs on electricity given on pp. 196-9, were 
'necessarily introduced for the purpose of furnishing a cor- 
rect idea of magnetism ; because the discoveries of the 
last few years have estebhshed the fact, that magnetism in 
any body, (whether temporary or permanent magnetism,) 
IB only a result of spiral circuits of electricity flowing around 
that body in a direction at right angles to the exertion ol 
ite magnetism; the most poweiful magnete being now pio- 
duced by contrivances which insure such iq>iral electric cur- 
rente, and the phenomena themselves of deotxicitj being 
fully and powerfully devclc^ped, by so arranging large 
magnete as that the influence ^circling them may be 
conveyed and accumulated for experiment. 
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X We now refer to what it stated in M and P, pp. 197-8, 
requesting the pupil to read those lines; and we introduce a 
representation of a very simple apparatus, which may fix an 
idea of what we have described and fumiah an introduction 
to what follows. 

The figure represents a modifica- 
tion of De la Bive's battery. 
Let F he a float (as of coric}. 
Z a slip of Zinc. 
G a slip of copper. 
A copper wire passes from the 
capper slip throi^h the cork, and is 
coiled around a very light scroll of 
- paper ; descending again through 
the float or cork to join the slip of 
zinc. The whole is then floated in 

acidulated water. 

The fluid acts upon the zinc, 
which streams forth its electricity to the copper, (as shewn 
by the three little arrow-heads,) and the electricity is con- 
ducted up the copper wire around the scroll, and descends 
through the cork or float to the zinc, to complete the cir- 
cuit. The effect is to magnetize the scroll ; and N and S 
respectively display their polarities, and direct themselves 
into the magnetic meridian, 

*,* The pupil nill plenEC to maBrk, thtt the scroll iatraduced 
within the helti of ihe wire rapresented Bbore ii lappoaed to be of 
paper oolj ; any aubatazice vill anawer the purpoae, the umgiietic 
power resulticg from the current of electiiciu only whilit it ii pro- 
ceeding;, and not from the substance itself. A steel needle, howeiet, 
so placed, will be found to have gained permanent magnetism. 



"* The question now arises, whether the mass, or rather 
the sur&ce, of our earth is thus rendered magnetic. The 
later discoveries of philosophy point to this feet. The 
huge body of our globe is magnetic constantly, only be- 
cause of the various, but constantly flowing, currents of 
electricity which are being excited by the minerals which 
lie beneath its surface, and of the daily partial streams of 
heat which its surface receives as it rotates in. the beams 
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of the Bun. If the water and land, bo differently affected 
hy heat, (W p. 174,) had heen unifonnly distributed, in- 
stead of being, as they are, very irregularly bo ; and if the 
various beds of metals and minerals were so lying that the 
united result of their electric streams were directed east- 
ward or westward, it would appear that the magnetic poles 
of our earth might then coincide with the poles of its rota- 
tion ; and our compass needle, in every station on its sur- 
face, point north and south. Ab it is, the combined result 
of these electric influences, from its irregular mineral strata, 
from its unequally heated Burface, and from other causes, 
is Buch as to make it a magnet with its northern pole bear- 
ing about m° westward dl us ; (viz. as stated by Captain 
Ross, in lat. 70 J° and Ion. about 100° W.,) (see Prob. IX. 
Sect. 1,) its other pole, of course, lying diametrically oppo- 
site in eastern longitude, and in the antarctic region, which 
has not yet been explored. 



z It will be interesting and useful to the pupil, to notice 
the correspondence of the following with the hypothesis of 
the earth's being, as just described, a great magnet, and 
with its poles so arranged. 

1. We have learned, (2 of p. 201,) that any magnet exerdaes tlie 
influence of induction on an iron body presented in position near its 
poles, and that this is analogous to the inductive influence of elec- 
tricity by an electrified body. It is further remarkable, that, like die 
electric state so induced by an electrified body, the magnetic polarity 
induced in that end of the neighbouring iron which is nearest to die 
end of an exciting magnet, is of the opposite kind, so that a ** north" 
end induces a *' south" one, and ifice versd. 

2. We have seen too, that the similar ends of two magnets repd 
each other, and hence that end of the magnetic compass needle 
which points towards the north magnetic pole of the earth must itself 
be dieaimilar, the Hmilar end being repelled and directed away to the 
south. 

We will bear these facts in mind whilst performing the 
following experiment. 

Let the straight edge of a table be placed in the mag- 
netic meridian, (that is, in the exact direction in which the 
compass needle points,) and let a little box-compass be set 
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upon it, SO as partly to orerhang this edge : let now a bar* 
of soft iron, (say of 18 indkea length,) having one of its 
ends marked, be held perpendicularly t by the side of the 
table and close to this compass box, and it will be found 
that the lower end, when presented to it, will powerfully 
repel the northward point of the needle, and attract its 
southward point, whilst the upper end of the bar will pos- 
sess the reverse influence. 

Now, that the bar of iron is thus magnetic only by the 
inductive influence of the earth, (2 of III. p. 201,) may 
be plainly proved by the two following circumstances : — 

•^«/, that by reversing the bar^ the end before under- 
most and then repelling the northward pointer, will now as 
powerfully attract it, and vice versd. 

And Secondly, that if the bar, after all this, be held hori- 
zontally, or in the plane of the table, and ei^cially if it be 
di^^ected east and west, each end will alike influence both 
the pointers of the compass. 



^ The amount of knowledge at present attained, of terres- 
trial magnetism, is very limited and uncertain, t But it is a 
very interesting fact, which the ingenious pupil will com- 
pare with what has been stated, (Y pp. 203-4,) that *' not 
only the nature of the metalliferous deposits inust have been 
determined by their relative electrical condition ; but that 
the direction of the metallic veins must have been influenced 
by the direction of the magnetic meridians ; and almost all 
the metallic deposits in the world, tend from east to west, 
or from north-east to south-west. § * * * It 

* The kitchen poker will frequently serre the pnipose ; bat the 
luage it sometimes receives, either in the kitchen or at the black- 
smith's, may have hardened it. 

t Rather in the direction of the dip, that is, with the lower end in- 
dined about 20 degrees northward ; but the perpendicular direction 
wiU serve for the i&ustration. 

X Some philosophers have thought that there is a magnetic pole 
in Siberia also ; but M. Gauss, of tiie Qerman Magnetic Assodadon, 
gives good reasons for denying this. The Antarctic Expedition, under 
Captain James Clark Ross, has its attention particularly directed to 
the discovery of the South Magnetic Pole. 

§ Tliat is, nearly at right angles to the direction of the magnet, 
(see Son p. 201). 

T 
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is probable that the secular and periodic disturbances in 
the magnetic force, are occasioned by a variety of com- 
bining circumstances. Among these, M. Biot mentions 
the vicinity of mountain chains to the place of observation; 
and still more, the action of extensive volcanic fires, which 
change the chemical state of the terrestrial surfiEu^e ; they 
themselves varying from age to age, some becoming extinct 
whilst others burst into activity."* 



^ Thus the variation of the compass at any place has 
itself always been variable at different periods of time. 

'°l!^2otv^T*' '!!""»«' =• It. dipt being about 73* 30^ 

In ] 660 it pointed due North. 

In 1692 it was . 6« W. 

In 1818 it became . 24*» 30' W. Its dip being . 70? 34' 

Its Westerly variation has been diminishing since. 
In 1831 it was 24° W. Its dip being . SOPHS' 

Besides the greater changes of Magnetism, such as those 
recorded above, and which are called secular, there are 
minute diurnal and seasonal variations, manifestly depend- 
ing on thermo-electric influence; that is, on the electric 
state of a district as affected by hourly or annual changes 
in the heat of the sun. Such variations are called periodi- 
cal, as they are compensated at a certain time of year, or 
near a certain hour of the day. 



* Mrs. Somenrille's Connejrion of the Phytieal SeienceM^ p. 368, 
4th Ed. 
t See T on p. 202. 



507 



INERTIA, FORCE. MOTION, VELOCITY. 

MOMENTUM. 

M 

• 

^ Suppose that the body M. (represented by the dot made 
above,) were a mass of unorganized matter so situated in 
space as to be many thousand miles beyond the reach of 
the influence of any other body ; then, if at rest, it must 
remain at rest ; or if in motion, it must continue to move, 
and that in one direction and at one rate for. at least, those 
many thousand miles. 

This total incapability of changing its state, is termed 
the Inertia (inertness) of matter; but the word is applied 
also, with less consistency, to its susceptibility of every in- 
fluence tiiat maybe exerted upon it ; or that entire passive- 
ness, in consequence of which the smallest other portion, 
in any manner presented to M, must have altered its con- 
dition, either by putting it in motion, or by retarding, or 
accelerating its motion, or by perverting its course. 

That wUch acts to produce, or destroy, or alter motion, 
is called Force, One of the earliest observations of child- 
hood is, that force must be proportioned, unitedly, to the 
quantity or mass to which it is applied, and to the degree 
of any proposed change of its condition. 



^ Velocity, or the rate of motion, is measured by the space 
through wlueh a body moves in a given time, as a second, 
a minute, &c. 

^ The quantity of motion communicated to any body, is 
estimated by the mass moved in connexion with its rate or 
velocity ; and, since matter, in consequence of its inertia, 
retains, whilst unopposed, any quantity of motion impressed 
upon it, and is thus always ready to exhibit a resistance to 
any body obstructing its course, a moving body becomes 
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itself a means of force, and the degree of this force of its 
motion, is called its ntometUmn. 

*' It is, in fact, as though a transfer of the force took 
place from the moving body to the body moved ; as though 
it were poured into it like water from one vase into another. " 
—Moseley's " lUusU of Mechanics '' p. 243. 

The momentum may consbt in die litde velocity of a 
large mass, or in the great velocity of a small one. 

1. Two balls of soft day, of which one weighs one pound, nA tiie 
other nine, being suspended by separate cords from the same pemt ( 
if the smaller (of one pound weight) be drawn back and drinn 
with a velocity of ten feet per second against the larger one, (of nine 
pounds, and at rest,) their united mass of ten pound^ will move for- 
ward with a velocihr of one foot per second ; tiie momentvm thus 
still continuing equal, but being diffused through a ten-fold man and 
therefore acting with a tenth part only of the former velocity. 



^ To every action, or application of force, there always ie» 
suits an equal and opposite re-oction from the body sub- 
jected to t^t force. 

This is often not palpable, although always true. 

1. The scullerman, who pushes off his little boat with great swift- 
ness from a ship, produces a corresponding quenHty of motion in the 
ship itself ; but the motion impressed upon the ship is invisiUe, be* 
ing distributed throughout its mass. 

2. The exploding gunpowder impresses «s much moving force on 
the cannon and its carriage, as it does upon the ball that issues from 
its mouth ; but the velocity is less in the ratio of their masses, sad 
the friction and tackle provided for that purpose, sui&ce to resist tlie 
momentum* 



^ Uniform Velocity results from the application of foroe 
for one instant only. 

Example : tAe rotation qf the earth about ite axis. 

Accelerated Velocity, or the accumulation of motion or 
momentum, results from the continued application of force 
upon a freely moving body, in the direction of its course. 

Retarded Velocity, or the gradual destruction of momea-^ 
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tun, results from the contiiraed opposition of force to a 
moving body in a direction the reverse of its course. 

1. If a cannon he fired* perpendicularly firom a precipice of suffi- 
cient height, the ball, which if fired horizontally, mi^t travel through 
1»200 feet in the first second, would in this instance, fiy through 
1,216 feet, or 16 feet additionally during that second, in consequence 
of that tendency to the earth which all unsupported bodies obey. 

2. For the same reason, the ball, if fired in the exact direction of 
the zenith, wouM travel only 1,184 feet, or 16 feet lu9 in t^e first 
leoond. 

*^* In eidier case die effect upon the ball would be 
taking place during tiie whole second. 

3. A stone loUed off a precipice, during the first second after it 
has left its support falls through 16 feet. But the pupil must be 
guarded against the idea that it falls through one of these 16 feet in 
the sixteenth part of that time. During each of the many hundred 
wavings of agnat*B wing which can take place in that second, the 
felling stone is passing through a larger portion of those 16 feet than 
during the one which preceded it. The first portions of these 16 feet 
are gone through with comparatiyely little velocity, and the momen- 
tum so accumukites, tint mar the end of the second the rate is 30 
feet, and of the end of the 16 feet the stone is moving at the rate of 
32 feet per second. 



1- In reading the following, the pupil is requested par- 
ticularly to observe : — 

1 . "Bs^h succeeding second's operation of the force which 
causes an unsupported body to fall, not only propels it 
through an additional space of 16 feet, but produces a mo- 
mentum which adds 32 feet per second to its velocity in 
every portion of the second which succeeds it. 

2. That, in consequence of the foregoing, if we multiply 
32 feet by a number of seconds, it will shew us the velocity 
a fidling body acquires in that time. 

3. That any odd number, as 1, 3, 5, 7, 9, &c., multiplied 



* In this and the succeeding illustrations, the resistance of the air 
is not considered : a cannon ball is said to lose 800 feet in the first 
1»&00 feet of its flight, by the resistance of the air. 

t2 
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im odd^Sr)! ' ** *•* "'** °f tJ««t odd mBber « 

16 feet X body C fijlli'^ T^ "^ howai.jth.es 
•econd it will Jre&lir^i,*^r 1* '^ «»«* '^'^'^ 
the end of tb^MuZ^T^ «Me times 16 fat, it 
feet, &o. •'^ '***^ *'«»'«'» twentf-fae tim 16 

»«^h't sutface. ^ 

In the 



The tpace ftUen tluwigh 



l*t mcoimI. 
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l«fcet.bythetoedei»t. |?*'™W lelTebcO 
«"« inflnenoe oftheearth C*^ for thM-< aid 

I and I begimiii(nlk 

2d Mcond. J 32 feet independentlT "wking 48 I '*"*• ^ 

(»uch being the momen. I •«»««». 1 *^,:i*j 

o« and I «« I Jbegmontfiitii 

3d Bccond. ^ 54 feet by its own ln«. If "^ ®<^ veSclfciiil. 

aentamacqZdduS?; ^*^**' I (^««^32)<' 
Ithe first two seconds). J ^• 



4th Second.*" 



L"ie first two seconds), j 



influence. f 

»6 feet by?t^o*nl,«. (m.kj.g iiaj JS?S? 



wa (tuch being the mo- M®®' ^or 
mentum acquireddurinff »««tod. 
Ithe first three seconds). J 

*°- &c. 



I 128. 



:jti3 



311 



3^' COMPOUND MOTION, COMPOSITION AND BB80LUTI0N OF 
3' FOECBS. 



i •" 



T.v, 



"• When two or more forces, not acting in the same direc- ^ 

., jon, nor in directions exactly opposite, are simultaneously. 

'^urging a free body, it must hold a course between the 

..lirections of these forces. The direction of this resulting^ 

7^J0urse, and the extent of it, are found by drawing two 

^', jtraight lines diverging from a point into the directions 'in 

^'vhich the forces act, and representing, in their relative' 

lengths, the relative powers of the two forces ; and then 

completing a parallelogram. 

; ' I^e resulting effect, both as to its direction and its 

quantity, is found by the relative length and bearing of the 

diagonaL of this parallelogram. 

Sappose a boat at A, intended to be 
^ brought to D : it wiU reach that point 
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if the tide be strong, enough to have 

conveyed it to B, wlUlst the rowing of 

its owner directed aeroat the stream, is 

,.-.::j such as in still water would carry it 

^ exactly to C. 

^ If one of these simultaneous forces be a constant oner 
.; and therefore accelerative, (see K p; d08,) the couise of the 
::;. body impelled by both forces will be curved. 

Thus, if the stone referred to 
r3p«209), instead of having been 
merely dropped from the precipice, 
had been flung or shot horizontally,' 
vdth a force, which acting for the 
instant only , would have been equal, 
if acting alone, to the production of 
its uniform motion in mn» seeondfl,> 
through the tiiree spaces mailced 
1, 2, 3; then the accelerating in« 
"^flnence of the earth would have* 
bent its course through the points m, m, M, as described in the flgttietf< 

** The nature of this curvilinear path will manifestly de« 
pend on the relation which the projecting horizontal force 
bears to the degree of force which urges the body downward. 
The forces might be so adjusted, as to compel the body to 
take a circular, an elliptical, a parabolic, or a hyperbolic 
path. (See p. 22.) 




212 ILLUSTBATIOlrft OF INBRTIA. 



Some lUustrations of Inertia, SfC, 

1. The effort neoessary to keep up tlie motion of a carriage or 
wheellMmrow, ia much leaa than that which ia required to pat it into 
motion at firat. 

2. In jumping, the accnmnlated effect of the efforts made during 
the run, ia added to the force of the spring made at the leap ; and the 
IndiTidoal is thna thrown forward to a greater distance. 

. 3. If, whilat running or riding, a ball or orange be thrown by ao 
effort directed perpendicularly upward, without checking speed, the 
ball will retain, during ita ascent and descent, the forward motion 
which it had in common with the hand before it left it ; and, if it were 
not for the interference of the air, whatever the rate at which Kt 
might be moving, it would return to be caught by the hand again. 

4. A steam-boat frequentiy travela at the rate of 15 miles per 
hour, or 22 feet per second. Supposing an individual, standing be- 
fore the pier-glaM which decorates the chimney-piece of the saloon, 
to jump from the floor, and to be thus one-half second in the air, it 
is evident that, unless whilst thus in the air he is travelling like the 
ateam-boat, 1 1 fSeet forward, his head must be dashed with violence 
through this pier-glass. 

5. An individual so jumping upward on deck, at 10 feet distance 
from the prow, would, from the same cause, if during his momentary 
juntp, the vessel were to strike upon a rock, be precipitated li feet 
beyond her. 

6. When a vessel strikes upon a rock, guns, furniture, &c., asweD 
as men, dash forward from their placea. (Dr. Amott) 

7. If the Almighty hand were, for one instant, to arrest the rota- 
tion of our globe, every tower would be precipiteted eastward ; and, 
together witii a tremendous western hurricane, before which nothing 
could atand,, the vast Atlantic would overwhelm us and our neigh- 
bours of Africa, whilst the two Americas would be overwhebned by 
the Pacific. 

8. The rail-road train, trayelling 15 yards per second, having jnst 
emerged from the arch of a tunnel, an arrow was shot fh)m the ofea 
carriage at the key-atone of the arch, when at the exact distance of 
40 yards : did the arrow reach the archway, supposing it to have been 
exactiy one second in the air, and that the same effort would have 
4ent it 45 yards if the individual had been standing on the ground ? 
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P110GR8S8 OF PHTBICAL ASTmOVOMT. 

" * * * * To account for natuzal erents— 
to trace their causes — ^to reduce them to their principlea->* 
this habit of mind m * * * seems to 

have been first unfolded amongst the Greeks.*" The 
term o'o^o* ( " sophists"! or " wise men," ) was at first 
applied to those who were eminent for superior saga- 
city in such researches ; but their sag^s soon preferred, 
and early assumed the title of ^<Aoao^i, or "lovers of 
wisdom/' as more aptly accrediting the spirit of enquiry 
which actuated them. Of the Gredk philosophers many of 
the earliest were the more patient, consistent, and success- 
ful enquirers. " The fact undoubtedly was that the phy- 
sical philosophy of the Ghreeks soon became trifling and 
worthless." t They introduced terms vaguely expressive 
of certain abstract notions, and neglected experiments and 
^ts for the fogical discussion of those terms : — " as soon 
as they had introduced into their philosophy any abstract 
and general conceptions, they proceeded to scrutinize these 
by the internal light of the mind alone." 

Pythagoras, one of the earliest of the Greek philoso- 
phers, taught the great truth that the sun is at the centre ; 
but the study of nature " in an humble and patient enquiry 
after facts became despised ;" and Aristotle, who lived 200 
years after Pythagoras, and had been a <Usciple of Plato, 
not only obscured the science of astronomy by rejecting 
the Pythagorean doctrine and teaching that the heavenly 
bodies are carried around the fixed eardi in solid orbs, but 
acquired an authority on subjects of physical science 
generally, which " commanded opinions for nearly two 
Uiousand years," and was appealed to during the inertness 
and blindness of the middle ages as sovereign in all nuUters 
of cUspute on such subjects. 

The pupU will perceive, however, in reading over the 

* Whewell's Inductive Seienoey, Vol. I. page 23. 

t This term was not until afterwards employed, as it ia now 
adopted by us, to denote a mituie of reason. 

X Whewell's Inductive Scienoesi Vol. I. page 3d, 
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little Table of " Chronology of Ancient Observations, 
(see Index,) that astronomy, so much the science of obser- 
vation, notwithstanding the false principles to which chiefly 
those observations were referred, did gain real and extended 
progress among the Greeks. But it ia asserted that in the 
whole range of general physical science, there are no doc- 
trines for which philosophers are indebted to the Aristotelian 
school. Copernicus, the Polish ecclesiastic so deservedly 
famous for having (a. o. 1507,) revived the just conceptions 
of PjTthagoras, lived in times of obscurity ; and the great 
genius of Kepler, who a century afterwards, by means of 
patient and laborious comparisons of his own observations 
and those of others, detected numerical and geometrical re- 
lations in the distances and periods of parts of the 
solar system, had attained no correct views of the causes of 
their motions, but attributed them to a force like that of 
the moving fluid which urges a body in a vortex. 

It was to Gralileo, of Florence, whose genius and labours 
belonged to many sciences, that the world was indebted for 
its first correct ideas of the compositions of motion result- 
ing from the combination of forces. For boldly asserting the 
Copernican doctrine of astronomy, Galileo (a.d. 1633.) was 
condemned as a heretic, and imprisoned by the Inquisition ; 
notwithstanding his invention of the telescope furnished a 
direct appeal to facts in the rotation of the sun about its 
axis, the phases of Venus, and, above all, the beautiful 
epitome of the Copernican system displayed by Jupiter and 
his satellites. 

About the same time, in England, the illustrious Bacon, 
whose mind **siuTeyed the whole region of science," 
powerfully contributed to extricate philosophy from " the 
labyrinth of definitions and disputations,'* and to establish 
the true method of searching after truth. 

The followers of Bacon and Galileo, especially in Italy. 
Holland, and England, " ransacked all nature for new and 
surprising facts ;"* and many additions were made to the 
imperfect physical views of those great men with regard to 
the heavenly bodies, by advances towards the true theory 



• Sir John HerschePs " Discourse,*' p. 116. 
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of their motions. About the period of the civil wars, the 
RojbI Society was formed. In 1666, Borelli, at Florence, 
from a consideration especially of Jupiter's system, and Dr. 
Hooke, in England, from more general astronomical con- 
siderations, asserted the action of the central solar force in 
union with the centrifugal tendency of the planetary bodies, 
to be the cause of their orbitual motion. 

But it was Newton, contemporary with Borelli and 
Hooke. whose transcendent genius identified the nature of 
this central solar force, not only with that which retains the 
moon about the earth, but with that also which curves, 
and ultimately destroys, the forward tendency of a pro- 
jected stone or cannon ball ; and which existing, insepa- 
rable and unalterable by any change of the state of matter 
as fluid, solid, &c., causes every particle in the universe to 
tend to an approach towards every other particle, in pro- 
portion to the square of its distance from it. 

The wondrous generalizations and demonstrations of 
Newton formed " not a leap, but a flight — not an improve- 
ment merely, but a metamorphosis —not an epoch, but a 
termination. Astronomy passed at once from its boyhood 
to mature manhood."'" 

* Whewell's History of the Indacti?e Sciences, Vol. II. p. 180. 
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GRAVITY. 

We win suppose* that whilst we had the needle-hok 
under the deep power of the microscope, (see p. 7,) after 
the perturbation caused by the whirling of the machineiy 
in the head of the VorticeUa had subsided, and our revolv- 
ing globule has deserted the scene, there remained two still 
more minute specks near the centre of the fidd of view, 
which, from the irregularity of their forms, and the ab- 
sence of any token of volition, we had discovered to be 
mere dead matter floating in the water. Our globulef 
diameter, found by a micrometer, scarcely exceeds the 
fifteen-hundredth jwrt of an inch, and these partides were 
each of them little larger than the globule. They, bow- 
ever, approached each other, and, with an acceleration quite 
perceptible as they neared, came into apparent contact. 
Why was this? 

To avoid complexity, let us consider these microscopic 
particles as existing by themselves, and magnified as they 
might be by the oxy-hydrogen microscope. 




They were extremely irregular in surface and thickness. 
Their first apparent contact took place at t and j ; but after 



* The Teacher can appreciate the difficulty of fixing attentioato 
such a subject The author does not pretend to have had such i 
microscopic view as that referred to on this page ; and he is awire 
that even supposing them to be under no other interfering influence, 
capillary attraction may be claimed as a cause of the comionf to- 
gether of such floating particles. Dr. Amott however, instances the 
grouping of the parts of wrecks after a storm as resultmg from their 
grayitation towurds each other ; and the famous ezperiments of 
Cavendish are considered to have fully shewn the truth of the fS^ 
doctrine, that every different particle exerts a force. 

t The grain monadf diameter about 1-1 440th of an inch. 
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a moment, they assumed the position given on the right > 
and not only t andy, but e and d, abo, were in contact. 

The fact is, every part of each of these bodies at- 
tracted all other parts of its own and of the other body, 
and all other parts attracted each part ; a, b, and c, 
(of fig. Y,) were respectively attracting llie whole, but 
least attracting/, (of fig. Z,) and were least attracted by it, 
only because a, b, and c were farthest from / — and so in 
considering any other portions, internal or external, of both 
these tiny masses. 

Q The law (see lUust. p. 14,) under which these particles 
were thus influencing each other, is to be particularly re- 
marked by the learner, for instance : — a, (fig. Y.) was half 
as far from t, as it was from h : — a, therefore, was attracting 
i, and was being attracted by it, /our times as much as it 
was attracting h, or being attracted by it : — b was removed 
from t about one-third of its distance from/; b, therefore, 
was attrac^ting t, and was being attracted by it nine times 
as powerfully as b was attracting/, &c., &c. 

If we could specify a million of parts in each of these 
ndcrosoopic masses, they might each of them be described 
as thus acted upon by every other part, and each as acting 
on every other. 

^ How complicated is the system of means, by which two 
such invisible portions of matter are tending towards each 
other ! If it were possible that lines should be drawn from 
each attracting and attracted part to every other part, our 
view of them would be overwhelmed. Yet it is the pro- 
vince of science to shew that there is, in each of any two 
masses, a point at which all the several tendencies of the 
several parts of the one mass towards those of the other 
mass may be considered as originating. That is, if all 
the attracting particles in masses Y and Z respectively, 
were instantaneously to shrink (retaining their real sub- 
stances and attracting energy) into the points p and q ; 
the amoum of the attracting force of the masses on each 
other, and its direction or tendency, would just equal that 
force and direction which the particles exert frvm their 
several present situations in Y and Z ; and thus if the dis- 
tance of p and q could be ascertained, as well as the quan- 
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tity of matter in Y and Z respectively, the force vhieb 
thus holds them together might be known. 

s We see that if the shape of either of these little masses 
were changed, the point where the attractive influence of 
its parts may be considered as centering would necessanly 
be changed also ; since its position depends entirely on the 
distribution of those parts. If the several portions were 
to become, suddenly, free to move amongst themselves, and 
were to be uninterrupted in their action on each other by 
the water which suspends them, we know, by experience, 
that they would take the globular form, like the water* 
drop upon the duck's wing, or the dew upon the blade d 
grass, or quicksilver, in minute quantities, upon many 
things. 



"'' The problem " what will be the /orce with which a con- 
geries of particles, constituting a solid mass of any assigned 
figure, wiU attract another such collection of material 
atoms," * * * is, in its general form, of 

extreme difficulty. Fortunately, however, for human know- 
ledge, when the attracting and attracted bodies are sphem, 
it admits of an easy and direct solution. Newton himself 
has shewn that, tn that case the attraction is precisebf tie 
same as if the whole matter of each sphere were coUectd 
into its centre, and the spheres were single particles thfft 
placed. So that, in that case, the general law vpp^ 
in its strict wording." — Sir John HerscheVs AstroM^^ 
p. 237. 

** Every particle of matter in the universe attracts every 
other particle with a force directly proportioned to the mas? 
of the attracting particle, and inversely to the square of the 
distance between them." — Ibid, p. 236. 



^ It was one of the errors of Aristotie, to maintain tiiat 
there was an absolute or m\xmsa.c lightness in certain matter 
which occasioned it to float. We now learn that a// matter 
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has gravity or weight ; and that a floating body, as a balloon 
or a ship, maintains its place on the surface of the water or 
in the atmosphere, only because it is pressed upward by the 
heavier surrounding body ; that is, by die greater gravitating 
force of a portion of the fluid equal to it in bulk. It was 
in the mind of Archimedes, who lived on the eve of the 
dark period, and who " terminated the steps of progress in 
physical.science made by the Greeks, in a single stride," 
that these just ideas arose ; but they were lost, and were 
not recovered until the time of Gralileo. 

^ Another erroneous doctrine was, that bodies fall faster 
in proportion as they are heavier or require support. We 
must remember, that as one brick cannot fedl faster for 
being near another falling brick, so it will not fall faster for 
being one of a falling mass of fifty bricks, however closely 
cemented to it; for the whole mass fiedls only in conse- 
quence of the force which is acting separately upon every 
part of every individual brick which helps to compose it. 



„ »» 



SXTBACT F&OM " ORAVITATION, AN BLBGANT AND DE- 
I.IGHTFULI.T SIHFLB LITTLB TBBATISB, BT FBOFBSSOR 
Aimr, THB FBBSBNT ASTBONOMBB ROTAL. 

''Attraction is measured by the space through which it 
draws a body in one second of time, after the body is set at 
Hberty.* 

^p 'r ^^ ^* ^^ ^p ^* ^^ 

^ The first rule is this : " The attraction of one body upon 
another body, does not depend on the mass of the body 
which is attracted, but is the same whatever be the mass of 
the body so attracted, if the distances are the same." 

*'Thii8 Jupiter attracts the sun, and Jupiter attracts the earth 
^o ; but though the sun's mass is three hundred thousand times as 
great as the earth^s, yet • • « (the attraction being 
measured in conformity with the definition above) when the sun and 
the earth are at equal mstances from Jupiter, the attraction of Jupiter 
draws the sun through as many inches, or parts of an inch, in one 
second of time, as it draws the euih in the same time.'* 

Y The second rule is this ; '* Attraction is proportional to 
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the mau of tbe body whidi attracts, if tiie distance of dif- 
ferent attracted bodiea be the same.*' 

" Hiiii : rappoce that the sim and Jupiter are at vpul distances 
from Satom; the ran ia about a thousand times as Ugu Jupiter; 
then whaterer be the number of inches through which hiiter draws 
Saturn in one second of time, the sun draws Saturn in the bum time 
through a thousand times that number of inches.'* 

2 The third rule is this: ''K the same attnding body act 
upon several bodies at different distances, the attractioDs 
axe inversely proportional to the squares of the distaofifia 
from the attracting body.'* (See Dlustration on p. 14). 

'*Thu8 the earth attracts the sun, and the earth also attracts the 
moon; but the sun is your AwMir«f timet as far off ss the moon, ibA 

therefore, the earth's attraction on the sun is only a one kmM oi 
tixty thoutandth part of its attraction on the moon ; or, as the eart)i|s 
attraction draws uie moon through about one twentieth of an inchin 
one second of time, the earth's attraction draws the sun duoogli > 
little less than one ikne* mUUonth part of an inch in one neofii 
of time. In like manner, supposing Saturn ten times as far firamthe 
sun as the earth is, the sun's attraction upon Saturn is onlj • ^ 
hundredth part of his attraction upon the earth.'' 

** The reader may ask, how is aH this known to betrae? 
* * For the motions of the planets, calculatifflB 

are made, which are founded upon these laws, anc 
will enable us to predict their places with consic 
accuracy, if the laws are true, but which would be mucliin 
error if the laws were fabe. * * * It is found 
that they agree so nearly, as to leave no doubt of the trutk 
of the law. The motion of Jupiter, for instance, is so per- 
fectly calculated, that astronomers have computed ten yeai? 
beforehand, the time at which it will pass the meridian of 
different places, and we find the predicted time coirect 
within half a second of time." 

* The exact fractional expression aaflioofl t is given in the work: 
this is the one hundred and sixty thousandth part of the twentieth of 
an inch, or the space through which the moon is drawn. ; and exactly 
accords with the square of the greater distance of the sun. 



[ 
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CENTRE OF GRAVITY. 

' We have just seen ( R p. 917 ) that there is a certain 
point in each of two litde masses, where the whole force 
with which it attracts the other, may be represented in 
average distance and direction. It will readily be allowed, 
that since the whole attraction of either of them is the sum 
of the attractions of its parts, the larger of the two must be 
the more powerfully attractive, in the ratio of its quantity 
of matter. Now the earth is incomparably greater than 
any body on its surfoce ; the greatest mountain being less 
than its fifty-nine millionth part. AH bodies, therefore, on 
the surfeoe of the earth, have an amount of attracting force 
exerted upon them, from the whole body of the earth, so 
great as to render their attractive influence on each other 
altogether imperceptible,* except under very peculiar cir- 
cumstances; and, since the earth is globular, and the 
amount and tendency of the attractions of all its parts (as 
shewn by Sir Isaac Newton) the same, on this account, as 
if these attractions were aU condensed at its centre, (T p. 
218,) we speak of this, the gravity or weight of a body, 
as centripetal (or centre- seeking) force. 



^ Common experience shews us that the earth's attraction 
may be counteracted, not only by applying underneath the 
whole side of a body a substance on which it may rest ; 
but that one certain point may easily be found, at which. 






* The ezperimeuts of Cavendish, made at the end of the last cen- 
^^1 were most delicately conducted on several masses of lead, two 
pf ^e largest of which weighed 3 cwt. ; and his whole apparatus was 
inclosed in a room, without door or window, light being reflected upon 
U from a small lamp, and his view being taken by a small telescope 
fitted into an aperture. 

Observations made on plumb-lines, hung from the brows of moun-^ 
tains, have also detected very small deviations from perpendicularity 
iQ the suspending cord, owing to the local attraction of the mountain- 
i&asses on the plummets. 

u 2 
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or underneath, or abiwe which, it may be balanced or sus- 
tained by suspension or propping. This pomt, in any given 
mass, is always the same provided we do not alter its form, 
however irregular that form may be, or however we may 
turn the body about ; although it is evident that in each 
different position of the body, the drawing force of the 
earth upon each particle lies in a new direction throngb 
the mass. The point is called the centre of gravity ; it is 
where, if all the weight of all the molecules of the body thus 
balanced could be taken from each of them and collectedy 
that weight might be condensed without disturbing the 
body. 

^ The situation of this point within a body perfiecdy sym* 
metrical, and having its atoms or particles equally distributed, 
as within a globe or cyHnder or ring of uniform density, is 
plainly at the centre of its magnitude. But the centre of 
gravity in numerous instances, is not at the centre of tke 
mass. Thus, a long stick having a ten pounds' veight 
attached to one end of it, may be kept in a horizontal or 
balanced position by a weight of one pound, if supported 
at a point distant from the latter in proportion to its tight- 
ness ; that is, ten times hearer to the end which has the 
greater weight. 

Two bodies so united, may properly be called a system 
(a putting together;. If the stick be of uniform substance, 
it may evidently be left out of the question, its use being 
regarded only as that of a connector of the weights. 

Now the stick itself exists as this connector, only becansc 
of the attraction of the particles throughout its length (see 
D p. 167). Let us then imagine the stick removed, and an 
invisible agency, such as that which is really at work in keep- 
ing the particles of the stick together and therefore suffi- 
ciently powerful to supply the place of the stick, and ^ 
have still a system the centre of gravity of which is fl/ the 
same point as before. 

If we now conceive the equilibrium of the two bodies 
thus invisibly connected and balanced, to be disturbed, so 
that beginning to fall the one is in advance of the other; 
and at the same instant, the earth to drop away from thenj 
whilst they follow it at a considerable distance, we shall 
have an idea of the way in which a planet and its satelhte 
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revolve about their common centre of gravity, whilst pur* 
suing their course around the sun. 

^ We have learned (G p. 207) that the quantity of motion 
is measured by the mass considered with its velocity. In the 
case just imagined, the mass of the ten<fold weight, being 
distant from the centre of gravity only one tenth of the 
remove of the balancing one pound weight, is carried 
around that centre of gravity with but one tenth of its 
velocity ; and thus the quantity of motion is just equal to 
that of the smaller and swifter body. If the larger of these 
two bodies had been much more ponderous, the centre of 
gravity would have been proportionably nearer to it, and 
might have been within its surface. The magnitude of the 
earth is at least 40 times that of the moon, and their dis- 
tance £rom each other being 240,000 miles, their common 
centre of gravity is thus 6,000 miles from the earth's centre, 
or at a point only 2,000 miles on the outside of its surface. 
The centre of gravity of the earth and the sun, is not quite 
300 miles from his centre ; such indeed is his magnitude, 
that the common centre of gravity of the whole system lies 
considerably within his mass. In consequence of the com- 
bined attractions of the planets, his body is in motion around 
this point; and referring to the definition of quantity of 
motion (G p. 208, Note), we may say that there is as 
much motion in the sun as in all the plajnets together ! 
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^ Motion occasioned by a single force, must be in a straight 
line : — ^When matter is moved about a centre, there is ne- 
cessarily a composition of at least two forces : * If, at any 
instant, the effect of one of these two forces cease, or be 



* Whether the force exerted from the centre be such as we have 
to consider ekewhere, discernible only by its effect on the circling 
body, or whether it consists in the attraction of cohesion, (p, 167,) 
or holding together of the particles of a string, &c. 
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overmatched, obedience to tlie other force vnH carry the 
body in a straightforward direction. 

l^e readiness displayed, in consequence of its inertia, by 
any circling body, to run away in a direction which is toM- 
gent (page 17) to the point where it is at any instant, is 
called its ceiUrifugal, (or centre-fleeing) force. This is 
illustrated in the common sling — the ignited partides of 
a " Catherine- wheel" fire-work — ^the trundling of a mop— 
the " €k)vemor'* of a steam-engine. — A grindstone mj 
be turned at a rate which will cause its compact rim to fly 
off into splinters. 



Whiblimg Tablb. — There is a philosophical madiine 
called a WMrling Table, by means of which a weight may 
be made to revolve with any proposed velocity, at a pro- 
posed distance from the centre ; and thus to exhibit the 
amount of the centrifugal tendency produced on it by that 
movement, as it draws up weights suspended from the 
centre. 

From this machine, amongst other results, the followiDg 
are obtained, viz. : — 

^ A weight whirled with the same angular velocity (p. 100) 
as another equal weight, but at a double distance from the 
centre, exhibits a double centrifugal tendency, and so on in 
proportion for any increased distance. 

Because, at double the distaoce from the centre, the drcumferenee 
through which the weight travels, is double (P page 2) : and thutfae 
velocity being double, the quantity of motion to be controlled into 
the curved path is double also. 

^ A weight whirled at the same distance from the centre as 
another equal weight, but with double revolution in the stoM 
time, exhibits a/otff/o/(/centnfugaltendency:^ if whirled 

vdth a threefold vdodty, a ninefold tendency, &c. A 
double or treble weight, under these circumstances, ex- 
hibiting a double or treble result.— See Cab. Cyclop. 
«* Mechanics." 

Double revolution in the same time, t. e„ double the number o^ 
bendinga into a circular path, (even if no additional momentum were 
generated by it), would evidently require a double energy to control 
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it ; but by double velocity the momentum also is doubled, and this 
alone requires double control : thus the counteracting weight at the 
centre must be as the square, or fourfold. 

The use of the skipping* 
rope, if we accommodate our- 
selves (as on p. 100,) by sup- 
posing that it can take the 
semi-circular form, and that 
our young friend (exhibiting 
above, who holds his hands 
apart to about two-thirds of 
the length of his rope,) is suf- 
ficiently skilful to lift his feet 
at the jump without disturbing the position of his hands, 
will afford us an illustration of the centrifugal force, as it 
affects the inhabitants of our rotating earth in their several 
latitudes. (See also Prob. XVIII., Sect. 1.) 

A globe or sphere is defined to be *' the solid generated 
by the revolution of a semicircle about its diameter, which 
remains fixed :" -^Thus our skilful skipping friend, under 
such circumstances, may be said to cut out the surface of a 
globe of air. 

^ The imaginary hne joining the handles will, then, be 
the (una, and the extremities of the handles the poles. 

If we take the liberty of tying two or three knots in the 
rope, it is obvious that the knot which passes directly over 
his head, and which may be considered as on the equator, 
has the greatest velocity ; and of the others in the right- 
hand quadrant £q N, tJiat nearer to £q has greater velo- 
city than that nearer to N ; and this in direct proportion to 
their distances from their centres of motion; that is, from 
the points in the arm and wrist, or the imaginary axis 
around which they are revolving. 

For instance, that marked M 41, is moving in a circum- 
ference, of which the radius (from M to the arm) is three 
quarters of the line joining £q and the chest ; whilst that 
marked P 60, is moving in a circumference of which the 
radius (from P to the wrist) is only one half of it. 

Hence the different rates at which they are moving have 
this proportion, and consequently, their centrifugal ten- 
dencies have it also (H p. 224). 
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Hence aiiBes the pull which our friend finds, tending to 
bring his hands nearer to each other, and to render this 
globe of air an oblate or flattened one : a pull increased, if 
the energy of the skipper be increased, in the ratio of the 
sfuare of the increased angular velocity (see K p. 224). 

^ By referring to this figure, (and to diat on page 16,) it 
will be seen that M 41 and P 60, are the cosines of the 
arcs £q M and £q P. Hence the rate of diamal mtm 
of any inhabitants of the globe, corresponds with demise 
of their latitude ; and since the circles in which they move 
have each of them their 360°, the length of a degree of 
longitude in any given latitude must also be in tbit pro- 
portion. 



N In consequence of its inertia, (see illustration on p. il%] 
a stone, whilst dropping from the hand to the ground, 
retains that influence of the centrifugal force which it had in 
common with the hand, and with every thing around, be- 
fore it left it, and really fedls the slower for it ; the centrifu- 
gal force being the antagonist of the centripetal force or 
gravity, which it obeys in descending. 

Thus terrestrial Gravity (strictly speaking) is the whole 
attracting force of the earth considered as at rest : Gmi- 
tation, that which remains after the centrifugal counter- 
action arising from the earth's rotation is deducted. 

Referring to K p. 224, if our globe were to revolve in 
12 hours, t. e., in half the time occupied in its present 
daily rotation, the centrifugal force in any given latitude 
would he fourfold of what it is : if it rotated in eight hours* 
or in one third of the time, the centrifugal force would be 
nine-fold : if in six hours, or one quarter of the time, ^- 
teen-fold, &c. 

^ In consequence of the great bulk of Jupiter, and the 
energy of his daily rotation, the centrifugal force in &nj 
latitude on his surface is 66 times that of a corresponding 
latitude on our earth ; nearly one-eighth of the gravity of 
his huge attracting mass being thus counteracted at bis 
equator. 
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THE PENDULUM. 

The pendulum of the common clock is a body obeying 
the attracting force of the earth, which, during the half« 
second of its ftdling, is acting on its inertia to accelerate its 
motion, and during the half-second of its rise, to retard it 
in like manner, until this force again overcomes the inertia 
of the pendulum, and effects its descent. 

Q Now it il^ obvious, that if the whole of the matter in our 
earth so attracting the ball of the pendulum, were acting 
as if all that matter were stationed, strictly speaking, at the 
centre, (page 218,) that is, if the earth were a perfect 
sphere, and at rest, the pendulum would be equally sdSected 
by it on every part of its surface. But two things 
affect the vibration of the pendulum, and in consequence, 
the going of our clocks when carried into different latitudes. 
Ist. The centrifugal force, which, as we have seen, is in its 
measure counteracting the attracting force unequally in 
different latitudes. And 2nd. The unequal distance of 
the centre of gravity from the different parts of the suiface, 
arising from the change of form impressed upon the earth 
itself by this centrifugal force. 

Both of these have been recognised, and both rendered 
available as means of determining the figure of the earth. 

" The ellipticity of the earth's figure was discovered and 
demonstrated by Newton,* to be a consequence of its rota- 
tion, and its amount actually calculated by him, long before 
any measurements had suggested such a conclusion." 

^ *' Experiments made with the greatest care, and in every 
accessible part of the globe, have fully demonstrated the 
fact of a regular and progressive increase in the weights of 
bodies, corresponding to the increase of latitude.'' — Sir 
John HerscheVs Astronomy, p. 126. 



* The cu-cumstance which led, in the first instance, to this enquiry, 
was the observation made by Monsieur Richer at Cayenne (about 
4° from the equator). He found that his clock pendulum, which had 
vibrated an exact second at Paris, needed shortening to make his 
dock agree, at Cayenne, with the time correctly shewn by the passage 
of a star across the meridian (see definition 83, note)* 
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Became, as the earth is flattmed at the poles and huige» at the 
equator, its centre of gravity is nearer to the inhabitants of the pdlsx, 
than to those of the equatorial regions ; and because, in addition to 
this, the parts more distant from its axis have the greater centrifugal 
force. 

8 «« From these experiments it appears that tht extreme 

amount of this variation of gravity, or the difference between 

the equatorial and polar weights of one and the same vmss of 

matter, is one part in 194 of its whole weight." — Ibid, 

That is to say, a body weighing 194 lb. at the equator, would wdgh 
195 lb. at the poles ; or the intensity of the attractiTe force on a pen- 
dulum at the equator is 194th part less than at the poles. Hence, 
the pendulum which yibrates in a second in any given latitude, will 
vibrate more slowly in a lower latitude and faster in a higher latitude ; 
and to make its 60 vibrations in an exact hour it must be lengthened 
or shortened accordingly. 

'T Newton and eminent mathematicians of the Continent, 
have shewn by " purely mathematical investigation," that 
the degree of ohlateness of figure impressed on the earth by 
its rotation, ought to affect wreights, not as above by ih 
butbyTiv* The difference between these two quantities, 
may easily be found by any one acquainted with vulgar 
fractions, to be about skv And it is worthy of most 
attentive remark, that the last fraction is that which th 
mathematician gives as the amount of the centrifugal force 
at the equator, if we give him the dimensions of our eaith, 
and the rate of its diurnal rotation. — See Sir J. HersMs 
Astronomy, p. 128. 



MBASUBBMBNT OF A DBGBBB OF THE MBRIDIAK. 

^ The " EUipticity" or ohlateness of our earth, has like 
wise been ascertained from actual measiuements of sevenl 
portions of that outline of it which passes throu^li its poles. 
that is, of a " Meridian."* Measurements of this ldnd»to 
ensure greater exactness, are still proceeding in difiere&t 
latitudes. 



« 
miles. 



Its polar diameter is less than its equatorial diameter by '26} 
s. 
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The first expedition for this purpose took place under 
the auspices of the French Academy of Sciences, in 1735, 
when some of the continental astronomers, differing from 
the opinion held many years before by our own great 
Newton and the celebrated Dutch mathematician Huygens, 
and contending that the earth was a prolate or lengthened 
body and not an oblate or flattened one, discovered, to their 
surprise, that a degree of the meridian near the pole was 
longer than a degree of the meridian near the equator; 
that is, that the earth curves more in a short space, or 
makes up its degrees of curvature northward or southward, 
somewhat qmcker near the equator than in higher lati- 
tudes; and hence, that the Polar regions have a com- 
paratively flattened curvature, like that of a larger circle. 

Suppose an indiyidual in lat. 80, to have his head directed to a cer- 
tain star : if he travel northward until his head is directed to a star 
tme degree nearer to the Polar point, and use the means of correctly 
measuring the line of his road, he will ascertain the length qf a de^ 
gree of the meridian. Now it is found that an inhabitant of the 
equatorial regions so travelling to point his head to a star one de- 
gree northward of the equinoctial, need not proceed quite so far as 
one of high latitude. Hence the difference of his direction from the 
centre (see L on p. 2) is made in shorter space by him than by 
one who lives nearer to the Pole ; that is, the meridional outline of 
the earth is ^a^^er near the pole, or less curved in the same distance. 



w « xhe ocean occupies indifferently, all latitudes, with no 
more partiality to the polar than to the equatorial. Since 
then, as we see, the water occupies an elevation above the 
centre no less than thirteen miles greater at the equator 
than at the poles, and yet manifests no tendency to leave 
the former and run towards the latter, it is evident that it 
must be retained in that situation by some adequate power, 

* * * * therefore, either the earth is not 
at rest, or is so internally constituted as to attract the 
water to its equatorial regions and retain it there. * * 

* * * The former is in accordance with all the 
5 o^- phenomena of the apparent diurnal motion of the heavens ; 
(iici' and therefore, if it will furnish us with the power in ques-p 

tion, we can have no hesitation in adopting it as the true 
one." — Sir John HerscheVs Astronomy, p. 119. 
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^ We have seen (G on p. 224) that the velocity of a re- 
volving body may become so great as to generate a cen- 
trifugal force too powerful for the centripetal force ; that 
is, too powerful for its connexion with the centre of its 
motion, whether that connexion be the adhesion of the parts 
of a grindstone, or of the parts in the length of a string. 
There is therefore a limiting velocity, or one which answers 
exactly to the utmost possible stretch of the string, &c., t. e., 
to the exact adhesive force of its parts, or of those of the 
grindstone ; and this exact velocity can be calculated easily 
if mathematicians know the strength of the string, the firm- 
ness of the grindstone, &c. The circumstances will evi- 
dently be the same, if the connexion with the centre be not 
operating, so to speak, step by step, from particle to 
particle, as in the length of a string, but be only a line of 
attractive influence imperceptible except in its action on 
the revolving body. It is calcnlated* that, exactly affected 
with "weight" (centripetal force) as matter is on the 
earth's surface, a stone, or any other mass, must have a 
velocity which would carry it around the earth in Ih. 
23m. 228., in order that its centrifugal force might exactly 
balance that attraction or weight ; t. e., that the stone« &c., 
might not need to rest upon the surfEuse. 

If, therefore, our earth's rotation were performed in this timet 
matter on its surface would have its weight exactly counteracted ; the 
pendulum would altogether cease to vibrate, — ^muscular power would 
have nothing to do, — ^the tops of our mountains, or even of our build* 
ings, no longer dependent on their foundations, would move eastward 
as satellites — the air and the ocean lose all their properties of pres- 
sure, and a total subversion of terrestrial existence take place. 

^ The moon is performing her orbit about the earth in 
27d. 7h. 43m., at a distance, as ascertained by her parallax, 
(P on p. 19,) equal to about 60 times our own from the 
earth's centre. It is calculatedt that if, whilst still {Effected 



* See Sir J. Herschel's Astronomy, pp. 234—236. 
t Ibidem. 
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Minih its earth's surface weight, a stone could be whirled 
by a cord at such a distance irom the earth's centre as, the 
moon is, it must circle with a velocity 60 times the moon's, 
or in I Oh. 45m. 30s., in order to have that weight exactly 
counteracted by its inertia, and revolve as she does. 
Experiment by the whirling-table, (K, p, 2^,) as well as 
calculation, shews that this sixty-fold energy of the revolu- 
tion of the stone generates a centrifugal force requiring a 
centripetal counteraction equal to the s^mre of sixty, or 
3,600. The moon,. therefore, if retained in her orbit by 
the earth's attraction^must be weighed down towards it with a 
force 3,600 times less than this supposed revolving stone ; 
that is to say, the course of her orbit is such as is produced, 
unitedly, by her straightforward motion, arising from her 
inertia, and by her falling through (not 16j^ feet, as bodies 
fall at the surface of our earth,) but through the 1- 3600th 
part of this space in one second of time : — a quantity just 
according with what is due to our earth's attraction on her 
at her sixty- fold distance ! 



Kewton had retired firom Cambridge in 1666, on account of the 
plagae. (He was then 24 years of age.) As he sat alone in a garden, 
he fell into a speculation on the power of gravity ; that, as this power 
is not foand sensibly diminished at the remotest distance from the 
centre of the earth to which we can rise, neither at the tops of the 
loftiest buildings nor even on the summits of the highest mountains, 
it appeared to him reasonable to conclude, that this power must ex- 
tend much further than was usually thought : why not as high as the 
moon ? said he to himself; and if so, her motion must be influenced 
by it ; perhaps she is retained in her orbit thereby. « « » 
Newton's superiority here was, that he conceived the celestial motions 
as distinctly as the motions which took place around him ; consider^ 
them as of the same kind, and applied the same rules to each without 
hesitation or obscurity.* 

'* The planets are in motion, and it is of no consequence 
to our enquiry how they received this motion ; but it is 
convenient, for the purposes of calculation, to suppose that, 
at some time, they received an impulse of the same kind as 
that which a stone receives when thrown by the hand ; and 
this is the whole meaning of the term "projectile force." — 
Airy on Gravitation, p. 16. 

* Whewell's History of the Inductive Sciences (quoted there). 
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^ But the curvature of the path of the stone is caused by 
an attraction which, although constant and therefore ac- 
celerating, is acting equably during every instant of its 
descent, however high the precipice from which it is pro- 
jected ; since the summit of the loftiest mountain is not 
significantly removed from the earth's centre, and attraction 
is equally powerful there as in the lowest valley into which 
the stone might fall. 

The circumstances of the orbitual motion of any heavenly 
body, are circumstances on so grand a scale, that, when we 
consider an approach of one of tiiese toward another, or its 
recess from it, we must bear in mind that its inertia is being 
acted upon by a force continually increasing or decreasing 
in the ratio of the squares of the distances of the centre of 
the one from the centre of the other. 



^ In order that the curve of 
its path may be circular, the 
projectile force of a planetary 
body must be so adjusted, 
that the tangent B 4 (in 
which its inertia at a certain 
instant tends to carry it) 
may be at right angles to 
A B, (the line in which the 
attractive force, of that in- 
stant, is acting,) and that too 
at the same instant that the 
momentum of the body is ex- 
actly such as would be ac- 
quired by a mass falling 
half-way from B to A. This condition is fulfilled in none 
of the bodies of the solar system ; and hence their orbits 
are ellipses or ovals, each of tiiem in some degree alternately 
approaching and receding from its primary, which is situated 
in a focus of its elliptical path. 




c A planetary body at B, is endowed, at a certain instant, 
with a projectile force sufficiently feeble to allow that the 
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power which A. exercises, eveu at its gi^eatest distance A B, 
should lender, its curve less " flattened" than that of a 
circle ; that is, the centr^etal force having then relatively, 
greater power, gains upon the centrifugal force, and, in a 
certain time, dsaws the body nearer to A (its source) by a 
space equal to the difference between A B and A b, 

^ In doing this, however, the centripetal force is (if the 
expression may be allowed) fostering an antagonist ; for all 
additional momentum gained by the body in thus falling to- 
wards A, is retained by it in consequence of its inertia 
(4 p. 212) ; and, provided with this and the momentum still 
additionally supplied in passing towards C, it gets there 
into circumstances in which attraction towards A addition- 
ally fevours its progress ; for there (at C and D) the in- 
fluence exerted from A "helps it along its path, just as 
when a ball rolls down a sloping bank the force of gravity 
(whose direction is not much inclined to the bank) helps 
the ball down the bank, and thereby increases its ve- 
locity." 

Let E be the point to which it thus arrives in a quarter 
of the time of its orbitual revolution. During this time the 
body has been falling towards A, inasmuch as A £ is shorter 
than A B ; and this approach has been made with a velocity 
constantly augmenting, -^not only (as the stone's' velocity) 
in consequence of the continuance of the force of attraction ; 
but, as well, from its " nearing" A, the source of it. 

^ But velocity so furnishes centrifugal force, that when 
the body has arrived at £, its tendency to depart in a 
tangent (as £ c) is sufficiently strong to be a match for 
that part of the augmentation of its velocity* of approach 
to A which would result from its lessening distance ; and 
thus, tdthough continuing to approach until it arrives at F, 
its acceleration along the arc D F is no longer chiefly due 
to the direct centripetal force existing at A ; but only to it 



* (( 



Upon making the cakulation more accurately, it is found that the 
planet, after leaving B, approaches to the sun more and more rapidly 
for about a quarter of its time of revolution ; then for about a quarter 
of its time of revolution the velocity of its approach is constantly 
diminishing." — Airy on Gravitation^ p. 19. 

x2 
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indirectly, t. e. as a cause of the accomulatioii of centnfogal 
force. Tlie planet arrived at F, is possessed of momentam 
which overmatches the attractive force of A ; and it begins 
at that point to recede from it. 

But it now hecomes retarded : — for the direction of A's 
attraction upon it after it has passed B beoomes more and 
more opposed to its centrifugal tendency ; and it gradually* 
yields to it as it passes on, through H and K, to complete 
its course at B with a velocity exactly such as it had before 
it left it. 



Q We may regard the above either as the description of 
the moon's orbitual revolution around the earth of ^7d, 7h. 
43m., or as that of the earth's around the sun of 365d. 
6h. 9m. 9s. ; or as that of any other planet, primaiy or 
secondary. 

We have seen (Y, p. 231) that the moon'speriad of rewla- 
tion« considered with her distance as discovered by paiallai, 
is such a« is just necessary to produce that centrifugal force 
which is a counterbalance to the force of attraction exer* 
cised on her by the earth at such a distance. 

From the known distance of the sun (similarly found by 
parallax (H, p. 19) the velocity of the earth's motion aionnd 
him is ijl^ewise known ; and from a consideration of the 
Qarth*9 mass ai^d its velocity, its momentum or centrifog*^ 
force is known. 

^ Now like the stone's or the moon's (see p. 231) this cen- 
trifugal force of the earth must be the exact counterbalance 
of the sun's attraction :-^What then is the sun's attractioni 
which, although ei^erted at a distance equal to 400 tunes 
that of the inoon, thus ^qua^ such centrifugal force of tb^ 
earth? 

Sir John Herschel informs us that it equals that whi^ 
would be exerted by a collectipQ of 354,936 earths occupy* 



• " Jut as the force of gravity netiM^ « ball which is boirM ^ 
a hiU.''— iltry on OravitaHtm, p. 90, 
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ing its place. This then is the quantity of matter existing 
in the sun : — " a ponderous mass, calculated to exhaust the 
feeble attractions of such comparative atoms as the earth 
and moon« without being dragged from its place. Their 
centre of gravity (F, p. 223) lies almost dose to the centre of 
the sokr globe, at an interval quite imperceptible from our 
distance ; and whether we regud the earth's orbit as being 
performed about the one or the other centre* makes no ap- 
preciable difference in any one phenomenon of astronomy." 



^ The pupil must be guarded against inferring that the 
orbits of tiie planets are as excentric as the diagram on 
which the character of their motions has just been described. 
The earth's orbit is so nearly circular, (its excentricity 
being only l-60th,) that if correctly drawn upon a table, (as 
we have supposed on pages 106-8 &c.,) it will require a 
nice eye to detect its ellipticity ; yet this l-60th of excen- 
tricity producing a deviation in distance from the sun of its 
double or l-30th of our average distance of 95 millions of 
pules, he is perceptibly larger to astronomical measurement 
m December than in June. Venus's orbit " is still more 
nearly circular than the earth's : Jupiter, Saturn, and 
Uranus, have a difference of about one-tenth between their 
greatest and least distances from the sun. Mars has his 
extreme distances in the proportion of five to six nearly ; 
and Mercury in the proportion of two to three : * * 
The orbits of the sateUites of the Earth, of Jupiter, and 
of Saturn, are also nearly circular,"t 

* That is, aboat the centre of gravity, or the centre of the sun's 
in&gnitude,— il«^rofiomy, p. 239. 
t WhewelPs Bridgewater TVea/iw, p. 166. 
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L Even those of ancient astronomers who held the true 
Pythagorean doctrine that the planets compose a Solar 
system, or have the sun as their centre of motion, supposed 
that their orhits were exactly circular, and thw velocities 
uniform. From observations on the planet Mars, partly 
his own, but chiefly those furnished to him by the labours 
of Tycho Brahe, Kepler discovered that motion in an 
elliptic path alone (with its consequent accelerations and 
retardations) could reconcile the places and appearances of 
that planet with each other. His later observations <hi the 
other planets tested the law of elliptic motion as belongiDg 
to them alL 

^ Kepler's second discovery was the very remarkable one 
that the Radius Vector of a planefs orbit sweeps aver equal 
spaces in equal times. Thus suppose the earth to proceed from 
B to 5, (see p. 232,) in the three weeks which succeed the 1st 
of July, and after six weeks more to be at C ; then after 
the ne:^t three weeks it will arrive at D ; but the six weeks' 
space contained between C A and h A, (and throughout 
which we may suppose the rays falling from A upon the 
planet to have passed during those six weeks) will be alike 
double of the longer three weeks' space ft A B, which pre- 
ceded it, and of the shorter three weeks' space CAD, 
which succeeded it. 

** Kepler's third discovery proved that " a fine bond of re- 
lation involves the whole system, and gives to it a distinct 
and definite oneness : exldbiting it, as it were, as an iskdi- 
viduaV* The squares of the two numbers of days (or 
hours, or minutes,) during which any two planets respectively 
perform their orbits ; have the same ratio that the cubes of 
the two numbers of miles, 8iC», of (heir respective average 
distances from the sun have. 

Thus, if we square the number 1, as representing one year of our 
earth, and likewise square 11-^ years, the time fulfilled during Jupi- 



• Nickol's Phenomena and Order qf the Solar System, p. 116. 
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ter*8 year or orbitual reTolntion, we obtain the numbers 1 and 
141Ay. Then 1 divided (R, p. 1 1) into 141 , gives almost exactly the 
ratio between 1, the cube of one, (or our eartii's distance from the 
sun) and the cube of 5^ of her distances, or the distance of Jupiter 
from the sun. 

So, if we divide the iquare of the 10,769^ days of Satum*s year 
or periodic revolution, by the tquare of the 4332^ days of Jupiter's 
year, we obtain a number whidi is almost exactly the quotient (or 
number expressing the ratio) which is found by dividing the cube of 
Saturn's distance of 893,955,000 miles by the cube of the 487,491 ,000 
miles of Jupiter's distance. 



'* In like manner, the periodic times of Jupiter's third and fourth 
satellite round Jupiter are 7.,^ davs, and IMAAr days ; the squares 
of these numbers are 5\^^fih ^^ ^78^Mp. Ilieir mean distances 
from Jupiter are 670,080 miles, and 1,178,560 miles ; the cubes of 
tliesenambers are 300,866 O^ ciphers,) and 1,637,029 (12 ciphers,) 
>nd the proportion of 51.187 to 278.515 is ahnost exactly the same 
M the proportion of 300,866 to 1,637,029."— iltry'« QravitatUm, 
p. 28. 
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THE SUN. 

^ We have seen (M, p. 18) that the paraUax of an object 
is less as the distance of that object from the station of 
the observer is greater ; and that the distance and magni- 
tude of our nearest neighbour, the moon, might be deter- 
mined from the difference of her apparent places in the 
concave sphere of fixed stars, if viewed, at the same time, 
by one person who has her in his horizon, and by another 
who has her in his zenith, and . to whom, therefore, she 
appears to be situated amongst the stars as if viewed from 
the earth's centre. 

On the same principles, (see H, p. 19,) (as well as by 
processes founded upon principles more involved and re* 
fined,) the distance and magnitude of the sun have been 
ascertained. He differs but little from the moon in the ap- 
parent dimensions of his disk ; but whilst the moon's dis- 
placement arising from this difference of the situations 
of view amounts to nearly a whole degree (3,600 se- 
conds), the sun's parallactic displacement amounts only to 
8| seconds.* The sine of this minute angle is little noie 
than, the 24,000th part of the radius of the circumference 
on which it is measured ; and, hence, the 4,000 miles of 
our terrestrial semi- diameter must be multiplied by 24,000, 
to shew us the distance of the sun. Now 4,000 x 24,000= 
96 millionst of miles ; which is 400 times the distance of 
the moon. 

Q It is plain that an object appearing of the same diameter 
as another object when situated at 400 times its distance, 



• That is to aay, whilst the eemi-diameter of our earth is eqral^ 
the sine of nearly a degree on a circumference drawn from the mooi 
as a centre* and passing through us, (P, p. 19,) that same semi- 
diameter will be the sine of an angle of not more than 8| secoiiosot 
a degree, on a circumference so large as that passing through us and 
centering in the sun. 

t The true average distance, as found by other means, is ^ 

PTll^linnn of milfiS. 
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must in reality be 400 times as wide : hence the son's 
diameter is to that of the moon as 400 to 1 ; and, since 
the bulks of spheres are in the ratio of the cubes of their 
diameters, we must cube this 400]; thus (400 X 400 x 400= 
64 millions) is the bulk of the sun when compared with 
that of the moon as expressed by 1 . It will help our con- 
ceptions of this enormous bulk, if we suppose the centre of 
the sun to be placed where the centre of the earth now is, 
and recollect that the body of the sun would extend on all 
sides to double the distance of the moon nearly ! 



SOLAR SPOTS. DIRECTION AND RATE OF THE SUN's 

ROTATION. 

^ The £rst astronomical notice of the Solar spots is said 
to have been made by our countryman, Harriot, a mathe- 
matician contemporary with Galileo of Florence, the in- 
ventor, or first promoter, of the telescope. The larger of 
these spots may, however, sometimes be seen in damp foggy 
weather by the unassisted sight. A telescope of low power, 
with a darkened glass, will always suffice to reveal them; 
and by shewing their progress across the sun's disk, day by 
day, will enable the pupil to watch the direction in which 
that great globe rotates, and that also in which his attend- 
ant planets and their moons revolve about their axes and in 
their orbits, and thus direct and simplify his conceptions on 
this subject. 

These travelling spots which, when more minutely viewed, 
have the appearance of ink -blots surrounded with a stain, 
frequently change their forms ; their clusters at one time 
appearing to accumulate and condense, and at another time 
to break up and become dissipated. 

' Sir William Herschel regarded them as openings in the 
outer self-luminous atmosphere of the sun, through the 
middle of which we see lus dark body, whilst a cloudy 
stratum more immediately underneath this outer self- 
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Imninous atmosphere is seen leflectiiig its light from above. 
We are thus to consider the central and duker portion of 
such a spot, to he the laying bare of the Solar body itself by 
the removal of both coTerings ; but the penumbialedge, or 
stain, to be the exposure of its inner covering only. 

Openings are occasionally seen with diameteis twenty of 
which would equal the sun's diameter ; and which, conse- 
quently, are 5^ times the width of our earth; yet the 
greatest of these wonderful chasms generally closes and 
disappears in the course of six weeks. 




P and Q represent* the situations of the poles of the son's oJs^ 
as deduced from the apparent path of a spot. N and S, the points 
at right angles with onr ecliptic. The arrow on the disk gives ^ 
direction of a spot, the foreshortening of which, as it advanoes ini 
retires, being represented by the exaggerated blots above it ;(<^ 
fairly represents a view of the snn's disk as it may sometimes be seeo 
through a small telescope ; {b) is a magnified representation of > 
cluster, such as one of those given on the left hand disk. 

T In describing the direction of the progress which these 
spots make around the sun's axis, we may notice, 

Ist. It is, like the direction of our own motions and of 
those of every planet and satellite, that of the pen in form- 
ing the letter O in common penmanship ; viz. from the left 



* The inclination of the line P Q, is necessarily exaggerated tc 
render it evident in a drawing tike the present. 
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hand to the right, as we look at his disk who dwell in high 
northern latitude. 

2dly. These spots appear to move at first slowly on the 
left (or east) " limh" of the disk, but gradually quicken their 
apparent rate of progress until they arrive at the middle re- 
gion ; whence they again proceed with a retarded motion 
until their disappearance on the right. This, as well as 
their fore-shortened forms on the left and right, is what 
might have been expected from the globular figure of the 
sun's body. — (See the Diagram), 

ddly. They do not move parallel with that line of stars 
which the sun appears to go over in the course of o\ir 
year, viz. the stars which are in the same plane with our 
path around him, and which therefore, are said to be "in 
the ecliptic." Hence, the axis on which the sun turns is, 
like our own axis, not perpendicular to the plane of the 
ecliptic, but must be inclined to it as the paths of these 
several spots are inclined, viz. 7® Stf. — (See the Diagram,) 

4thly. These spots are somewhat less than a fortnight in 
passing from the left (or east) *' limb" to the right (or west) 
" limb" of the sun ; performing their whole apparent revo- 
lution (behind and in front of him) in twenty- seven days. 
If, for instance, the time be marked at which a spot of pe- 
culiar form reaches the centre of the disk, as seen from the 
earth on a certain day, it may be recognised as occup3ring 
the same situation again at the completion of twenty-seven 
days ; but since our earth, during that time, will have per- 
formed about 27° of its own path around the sun in the 
same direction, that spot (or rather the sun which bears it) 
must have fulfilled not only the 360^ of its rotation, but, 
additionally, those 27^, in order that it should overtake us 
and be thus exactly opposite to us again. The sun, there- 
fore, during these 27 days must have turned 387° ; and by 
the common " Rule of Three," must have turned its 360°, 
or made its exact rotation, in about 25 days only. 
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THE PLANBT8, A8 VIEWED F&OH THE CENTRE OF THE 

8UK.* 

V If you were placed, head northward, at the centre of the 
sun's mass, with its body and luminous atmosphere revolviiig 
about you whilst thus yourself without motion,t it is 
evident that the wondrous phenomena just described 
(p. 240) would continually be moving from your liglit- 
hand towards your left; and if, when so situated, your 
vision were telescopic, and your capability of observation 
such as to correspond with circumstances so extraordinary, 
you would see our little globe and its fellow planets, together 
with their satellites, all holding their courses around you 
in the same direction as those spots, and over lines of fixed 
stars which might direct you in mapping down their several 
orbits for us ; because the stars, as seen by yon, would 
differ in no perceptible degree from their present relative 
positions and magnitudes on our celestial sphere : the line 
of your distance from us, of 95 millions of miles, being 
utterly insignificant when contrasted with theirs, and yov 
wonderful observatory and our own, with respect to them, 
being thus ^Eurly considered as adjacent. — See Ulustmtio*, 
G, on p. 4, 

^ From our ever-shifting earth the paths of most of the 
planets often appear to be in " looped curves,** devious and 
mazy ; and a long and laborious consideration of circiun* 
stances is requisite to unfold the real simplicity of their 
arrangements and motions; but from your solar observa- 
tory all would be seen in beautiftil order and harmony. 

We may suppose that you would naturally be led to refer 



* For the convenience of iUostration, Ferguson has supposed ^ 
sun to be transparent, and an observer to be fomished with die means 
of existing within it, and even of recording his observations 1 ^^ 
must hope to be forgiven even for extending so extravagant an ide> 
as this. 

f The sun* 8 mass is agitated about the common centre of graTitf 
of the sun and planets ; hence its centre has some motioDr hot fof 
the sake of simplicity it is disregarded here. 
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the various motions vkible fi^om your sun-eentre te the cir- 
cular fines in which the solar spots would be moving 
around you. ' Now these move, like the several • parts of 
the Bur^Etce of the sun, and like the knots m the rope of 
our young Mend skipping, (p, 100,) with velocities varying, 
not with their distances from you at tiie coitre, for tiiey 
are all alike distant from you; but varying v^th their 
several distances from their centres of motion in the soter 
axis ; hence ihe course of the swiftest of them would 
point out to you the Solar Equator ; and this, or rather the 
libe of stars seen in the same plane with it, might be taken 
ibr your standard circle in the heavens, and to it you might 
refer tiie orbitual paths of the planets. 

^But probably you might still so feel interested in «« as to 
retain our orbit for your standard, and even continue to 
reckon from our first point of Aries '* for auld lang syne.'^ 
The crossings of the several planetary tracks through the 
ecliptic or plane of our orbit, are what we call their 
" nodes.'' It is evident that in the case of^bodies so neiar 
as those of our system, their lon^tudes as seen by you whilst 
crossing our plane, differ considerably from those points or 
longitudes at which we see them to be crossing it. Astro- 
mers, however, reckon with you; and the point' (marked in de- 
grees and minutes from 1^ of Aries) at which you would see a 
planet crossing our ecliptic to go northward or southward 
of it, is the " longitude of its ascending or descending 
node." In the same manner, as your minute observation 
compared the periodical variations in the apparent size 
and brilliance of any one of these bodies, you would judge 
that they occurred as it approached the points of its 
greatest and least distance from your illuminating station ; 
and you might record the longitudes of these unvarying* 
points — ^the perihelion and aphelion of the planet's orbit. 

^ The " latitude" also, of these bodies, we refer to our 
ecliptic plane ; and the greatest number of degrees of dis- 
tance from our plane to which any one of them attained as 
seen frt)m your observatory, would give you the inclination 
of its path to our ecliptic. 

* t. e. not perceptibly varying in the short period of a human life« 
(See X, p. 259.) 
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It IB evident that, as their refiidences so revolved axound 
you, the inhabitants of these several little globes xmist be- 
hold your fixed aolai station appearing to move in the same 
direction in the opposite portions of their several ecliptic 
circles, and that too with angular motions (p. 100) in those 
several circles, exaetiy corresponding with their own. 

Not one of these planets and satellites would " wax and 
wane ;" nor would the tail of a comet, even like that of 
1680, be vinble, although extending over 70° of mar 
heavens ; for your dwelling-place being the source of their 
borrowed light, their whole reflecting faces would of 
course alwa3rs be presented to you. 

^ You would, we suppose, most naturally measure time 
by the period of the sun's rotation. By attentive con- 
sideration of a whole series of observations during veiy 
many of these, and thus comparing the several periods ia 
whidi these several bodies completed their orbits ; and re- 
marking that no one of them moved uniformly, but that, 
as each of them became periodically brighter its motion 
was accelerated; and that it was retarded also in the 
opposite and less splendid portion of its path ; you might 
not only infer that those which completed their orbits in 
shorter times, moved in more circumscribed paths, and con- 
sequentiy were nearer than those which made the slower 
drcuits ; but that their movements, as well as their light, 
were in some way connected with your solar dwelling-phoe, 
and even mysteriously dependent upon it. 

Sometimes indeed, an undefined cometary body would 
approach so near, and so rapidly, as to exhibit a most re- 
markable contrast in its brilliancy and dimensions ; and be 
the occasion perhaps, even of perturbation to your sunny 
thoughts; but the apparent path even of this would be 
circular, whilst its form, so rapidly enlarged, as rapidly 
died away into invisibility. 

^ Jupiter's superior distinctness and brilliance, compared 
even with Mercury's, might at first induce you to think that 
he was the nearest of all the planets, except perhaps Venus ; 
but a comparison of their periods would correct this idea, 
whilst it led to the consideration of his great distance and 
superior dimensions; as you would perceive that whilst 
Jupiter performed one revolution. Mercury performed j^, 
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Venus twenty^ the Barth tw^e, and Mars n^ar/y six and a 
half, rerolutions.* Beyond this, however, your ingenuity 
would fedl you for want of data : — ^your position at the centre 
of our 83rstem is disadvantageoas, except for the general sur- 
vey just described. 

If imagination, having placed you in the sun, and having 
also rendered its opaque body and luminous atmosphere 
alike subservient to you, can suppose you furnished with 
some means of communication widi an astronomizing in- 
habitant stationed at its northern pole, we know that, com- 
paring his map of the orbits, (for instance, of Mercury, 
Venus, and the Earth,) with your own taken from the sun's 
centre, you would find that observation at his distant sta- 
tion, (440,000 miles from your central one,) had displaced, 
by depressingf their paths in the sky, but each to a different 
amount ; and Venus's depression, so caused, being greater 
than that of the Earth and less than that of Mercury, you 
might more certainly infer that Mercury was nearer, and 
the Earth more distant than Venus, &c. 



Such are the feusulties with which the great Author of 
his being has invested man that, even in his far-fallen con- 
dition, exercised by the very inconveniences attendant on 
that condition, he has been enabled, not only to understand 
much concerning the circumstances connected with the 
motions, and magnitudes, and distances, of these planetary 
bodies, but also to calculate and predict them with the 
greatest precision, for distant periods of time. And a 
handful of sand from the shore, and a weed from the 
neighbouring rock, furmsh him with materials which he 
has learned to transmute and to model, so as not only to 
reveal to his gaze much of " the vast and the minute" of the 
system to which his own little dwelling-place belongs, but 
the kindred motions of distant systems of circling though 
centering suns ;l and far beyond even them, the light of 

* Sctam, on the oontraryi during one revolution of Jupiter, would 
not get through nearly one ha\f of his orbit, and Uranus not one 
seventh of his. 

t See ParaUax. % See Double Stars (Inde:^. 

Y 2 
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nnineroiis odier firmameBts,* each 6£ them, in aH probao 
bility, crowded with the witnesaes of his Maker's benefi- 
eenoe and power 1 



JZMwofw/or ttq^po9mg that the Planets are inhabited, 

1. Their similaTity of form to each other and to onr 
woild — the globular figure being that which affords more 
Siu&ce than any other figure for liie residence of contemn 
pladye beings : — And the amount itself of their sur&ces, 
which even if, like that of onr own earth, habitable onlf 
on one fourth part, would accommodate 400 times as 
many such individuals. 

2. They are opaque and eohd bodies : — Opaque, jfrom the 
manner in whidi their shadows are east, and from the 
manner in which they receive shadows : solid, from the 
manner in which their motions are performed, and from the 
several attractions which their masses exert on the sun and 
on each other. 

3. The extent of animal existence as revealed by the 
microscope : — Organic life being discovered wherever there 
is a superfluity t for its sustenance, at least on the ewfict 
of our globe (see pp. 7 and 8). 

4. Tlieir several annual and diurnal revdintions .-«— Ooe 
common law regulating their motions in their orbitr to 

- produce, in exact times, the interchange of seasons ; and 
{l^e rotation of each about its axis, providing for the alter* 



* See definitions Nebula and OdUuey (page 54). 

t It ia not correct that " every drop of water teems with life" :— m 
miiarosoope can detect animalcidefl in fresh spring- water. ' Hie antlior 
has, however, frequently seen, at least many hundreds Jhr a mome^ 
** at liberty" in so small a portion of moistQie as he. hi^ tp^pel on to 
a piece of glass from the end of a fine needle, which he had dippnl 
into stagnant water and afterwards shaken to throw away its dmp^ 
the next moment shewing only the confused forms of those attnoal- 
cttlesy all crushed by. the access of atmospheric pressure, in conse- 
quence of their film of element having evaporated and ibm left tbtf 
exposed. 
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nate enjoyment of the solar radiance, and the splendours of 
night. 

5. Iliese globular surfeces are diversified with hills and" 
valleys, and are thus fitted, tis far as human judgment is' 
concerned, to afford at once greater extent and greater 
enjoyment : — ^The mountain eminences of the moon and 
Venus have been measured ; and the manner of reflection 
of the sun's beams from the rest, indicates the inequalities 
of their surfeuses (3 of M, p. 183). 

6. The existence of their atmospheres : — Those of our 
moon and of Venus have been ascertained by Schroeter, the 
celebrated German astronomer, and the dull ruddy appear-, 
ance of Mars is by many attributed to the peculiarities of 
his. 

7. The provision made for a supply of light to them :— » 
Mercury, the nearest of all the discovered planets to the 
sun, has his nights abundantly provided for in the reflect- 
ing disks of Venus and our earth ; the former appearing, 
when nearest to him, nearly seven times as large as she 
does to us, and of much more intense brilliance ; our earth 
too, with its circling satellite, affording him, periodically, 
a considerable quantity of light. 

Of those beyond us. Mars, if he have not a satellite, may 
possess a compensation in the peculiar refractive power of 
his atmosphere. Jupiter, at his five-fold distance, has four 
moons ; and Saturn, at a nine-fold distance, in addition to 
seven moons, has the wonderful reflecting surfieuses of his 
rings. Uranus, at double Saturn's distance, although very 
inferior in size to Saturn has, as if in consequence of that 
remoteness, six tributary satellites. (See also the note in 
italic, p. 161.) 



^ " This fact at least, seems to be philosophically certain, 
that all the bodies which compose our planetary system 
most have been placed at one and the same time, in that 
arrangement, and in those positions in which we now be- 
hold them ; because all maintain their present stations and 
motions and distances, by their mutual action on each 
other ; neither could be where it b, nor move as it does. 
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nor fubfiist m we see it, wlem they were all co-existmg; 
the presence of each is essential to the system which they 
constitilte— the son to them, they to the sun, and all to 
each other* * .* * * Each of the planets 
and the sun have* no doubt, their several peculiar uses; 
but they have also, been fabricated with mutual relations and 
for common purposes." — Sharon Iktmer, 



"Thus saith the Load that created the heavens: 
Gk>d himself that formed the earth and made it ; He hath 
estabUshed it. He created it not in vain. He formed it to be 
inhabited : I am the Lord and there is none else."— 
Isaiah xlv. 18. 
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THE PLANETS. 

JUPITER. HIS BIBTAKCB, BRIGHTNESS, BULK, MASS, SPE- 
CIFIC ORAVITT, FORM, ROTATION, BELTS, TEAR, ETC. 

^ Jupiter, although distant from the sun more than 500 
millions of our miles, is the largest of the planets, and con- 
tains nearly 340 times* as much matter as is contained in 
our earth. The phenomena he presents in tiie revolutions 
and perturbations of his beautifiil miniature system, are so 
useful in illustration of the changes which take place in the 
whole system connected with our sun, that it will be ad-, 
vantageous to consider him first, and more at length. 

When nearest, his distance from us is more than 400 
millions of miles ; but even when we have removed nearly 
to the other side of the sun with regard to him, and are 
consequently 190 millions of miles fiEui;her from him, his 
brightness is inferior only to that of our neighbour, Venus. 
This is attributable chiefly to his great bulk ; his diameter 
being eleven times that of the earth, and therefore presenting 
a reflecting disk 121 times (G, p. 15) that which our earth 
or Venus (nearly our equal) would present at his distance. 

^ The compression of Jupiter's spheroid is very observable, 
even with a telescope of moderate power. His oblateness 
is not less than one fourteenth ; his polar diameter or a^, 
being 6000 miles less than his equatorial diameter, because 
his mass is most spread out " where the whirling motion 
is most rapid, that is, at lus equator/' Now it has been 
discovered, by attentively watching spots occasionally seen 
OB his disk, liiat the rotation of his huge body takes place 
in less than ten hours.f " This forms a most satisfiEustory 

■ ■ ■■' i^.i- ... ■■■■■, I, — '■■ 

* Cubing 11| Japiter's diameter, we find that his relative buiJt 
(1 of P, p. 168) is 1330 times that of onr globe. If we divide this 
number by 340, (relatively representing his mats,) we shall get the 
number 4, nearly, for his relative dmuity ; that is, a cubical foot of 
Jupiter contains only about one fourth of the matter contained in a 
cubiod foot of Earth; or would weigh here only a quarter as much, 
nearly. 

t Nine hours, fifty-five minutes, fifty seconds. 
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comment on the reasoning by which the spheroidal figure 
of the earth has been deuced from its diurnal rotation/ 
* * * And to confifm, in the strongest manner, 
the tmth of these principles * * * . and fully 
to anthoxize their extension to this remote system, it ap- 
pears on calculation, that this (viz. one fourteenth) is really 
the degree of oblateness which corresponds, on those prin- 
ciples, to the dimensions of Jupiter and to the time of his 
rotation." — Sir John HerscheL 

^ As the ** equator" and " parallels of latitude" on Jupi- 
ter's globular surface, are thus eleven times as extensive as 
those which correspond to them on our earth, and as lie L< 
being carried about his axis in a period nearly twice and a 
half less, his inhabitants, in any given latitude, will move 
at a rate nearly twenty-eight timesf that of the inhabitants 
of any corresponding latitude on the earth's surfietee. Let 
the pupil take this &ict into coimexion with the appearances 
of his disk : — In dear weather, a good astronomical tele- 
scope will always shew two or three cloudy streaks, wefl 
defined, crossing in the exact direction of his longer (& 
equatorial diameter. 

" The difierenceof intensity of the solar heat, ad received 
by our equatorial regions, and those of our north and south, 
combined witii the disparity of the motions of these several 
regions as our earth rotates with its atmospheric coveiing, 
pxoduces most important results in the economy of oar 
winds. (See «• Trade Winds" Problem, Sect. III.) 

"The paraUelism of Jupiter's belts to his equator, tbeir 
ticcasianal variations, and the aj^arances of spots sees 
apon tiiem, render it extremely probable that they sabsurt 
in liie atmosphere of the planet, forming tracts of ooiB' 
paratively clear sky, determined by currents analogous to 
our trade-winds, but of a much more steady and dea^ 
character, as noight indeed be expected from the immense 
velocitv of his rotation*" — Sir John fferscheL 



^ We have mentioned in another place, (p. 236,) ^ 
exact length of Jupiter's year. Had his axis been, li*^ 

• See T, p. 228. f U x 2j=27f 
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that of our earth, considerably inclined to the plane of his 
orbit, a large region on his very extensive surface would 
have been hidden from the sun during his half-year (six of 
our years). But the Creator has provided against this, by 
rendering his axis almost perpendicular to that plane. 



jupitbb's satellites, theib motions and 

featubbations. 

^ Jupiter has four moons, which revolve around him in the 
same manner as t)ur moon revolves round the earth. The 
plane of our earth's orbit is so nearly level with the planes 
of the orbits they perform around hun, that they appear to 
oscillate backward and forward almost in straight lines, 
often crossing his disk, and often disappearing behind him. 

" The operation of their reciprocal attraction renders all 
the planets, and the great sun himself, constantly subject to 
disturbances;" " each makes small and transient deviations, 
now on one side of its path, and now on another, whilst the 
ellipse itself in which it is moving, is slowly, but perpetually 
changing both in form and j^sition." — Mrs, Somerville, 

Still, " the disturbing forces of the other planets are so 
small, in comparison with the attraction of the sun,* ^ 
* * ^at except for the moon and the other satel- 
lites, it is only by accurate observation, continued for some 
years, that the effects of perturbation can be made sen- 
sible." 

" But Jupiter's satellites disturb* each other's motions 
to an amount, and in a manner, of which there is no other 
example in the solar system ; and their motions are affected 
in a most remarkable degree by the shape of Jupiter." — 
Professor Airy's Gravitation, p. 110. 



* The perturbations of these satellites, and the influence of Jupi- 
ter's mass and form upon them, have led to the determination of their 
masses. The first, or nearest, is a little larger than our moon, its 
diameter heing 2,508 miles ; the diameter of the second is 2,068 
only ; the third is a little larger than the planet Mercury, haying a 
diameter of 3,377 miles ; the fourth, or that most distant from 
Jupiter, is second in size, or 2,890 miles in diameter. 
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These orbits have but very little excentricity, and a fsdthfbl repie- 
•entation of them, or indeed of those of any of the planets, erea on 
a larger scale, will not convey the impression of their being othervise 
than circular. 



Let J be Jupiter, centering the orbits of his satellites (V, oo ^ 
23) ; let (a^ be the nearest or first satellite ; (b) the second satdfite: 
(c) the third, and (d) the fourth (their relative distances from tlior 
primary being nearly such as are shewn in the diagram). Whilst (1): 
and (c) are situated as drawn, J sees (b) in conjunction with (c) tai 
with (S) the sun.* Here, whilst J's attraction is such as to keep (b) 
and (c) in their orbits, J itself being attracted by S (the sun) ao^it- 
tained by it in his own orbit, must additionally be affected, and tha^ 
fore disturbed, by (b) and (c) ; and each of tiiem, in tiius distarbnf 
its primary, on whose every motion it is dependent, ia likewise ^ 
tuiibing itse^ and its fellow sateUites ; (b) tending to puU (c) /o«0* 
J, and (c) pulling (h)Jrom him. Meanwhile, (d) is influencing ^ 
(b) and {cj in proportion to its mass, and to the squares of tli^ 
several distances from it, — the effect of (d) on them being evideouf 
that of retardation ; whilst they, in like manner, severally acc^KOff 
her. All three of tiiese are operating on distant (a) ; (d) aeetUf^] 
ing (a*s) progress, and (a) in proportion to its mass and the squire^ 
its distance, retarding (d), and investing her with a greater rebrdiog 
iUfluence on (b) and (c). All this time they are, none of theai,oii* 
affected by the sun. 



• The young reader must observe, on page 195, why some i»- 
habitants of J may not see these satellites eclipsing the sun. 



J 
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** Letvs now take a view in section, of Jupiteri the plane 
of Jupiter's own orbit, and the planes in which these satel- 
lites revolve around him, and we shall understand that 
these satellites are disturbed in latitude besides being (as 
just seen) disturbed in /oii^*<ii(fe. 




J»f.jEeH;^>vr€9vm9njil»nt> ^f ^ 




If Jupiter were perfectly sphericali his direct attractiye influence 
on these sateUitet, would be such as if all his matter were stationed 
at his centre. (Seep. 218.) Even then, however, their mutual dis- 
turbances would he not only such as were just now described when 
we were looking down upon the planes of their several orbits : Be- 
eause tie planet of their orbits do not eomeidet these satellites act 
upon each other to alter their eevertU inelinatione (see figure) ; that 
moving in the plane most inclined to the plane of Jupiter's equator, 
(as d the 4th,) operating to drag upward or dotonward, according to 
its position in its orbit, the others (a, b, and c,) less inclined, as 
they, at the same time, are simikriy acting upon (d) » whilst the dU^ 
toKt eun ie operating onallqf them, as each, in its several alternations, 
is above or below Sie plane of Jupiter's own orbit about the sun, to 
hring them all into the plane qf that orbit. But as Jupiter's sphe- 
roid is so very oblate, " the irreffvlarity of attraction" produced by 
the protuberant matter in that planet's equatorial regions is alwayi 
<« pulling" the satellites towards the plane of his equator : — Hence, 
from this complication of disturbing forces, ** the position of each 
of the planes in which the four satelUtes are revolving, is to be de- 
termined by the consideration that the satellite in that plane is drawn 
— ^towards the plane of Jupiter's orbit by the sun's disturbingforoe — 
towards the plane of Jupiter's equator by the force depending on 
Jupiter's shape — and towards the plane of each of the other three 
satellites by the disturbing force produced by each satellite — and 
these forces must balance in tiie long run." — Professor Airy on 
Gravitation, p. 191. 
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N So great U the effect of Jupiter's ihape, that the orbits of the diree 
interior satellitef » although differing among themselTes, have Yery 
little inclination to the plane of his equator : the fourth satellite, which 
is much more considerably removed from the primary, and thus 
much less affected by his shape, has the inclination of his orbit neaity 
fivefold that of the third, 

^ The principal results of those disturbances in the Jovial 
System which take place in consequence of the satellites 
revolving thus, in different periods^ in planes of difTeiing 
inclinations, and around a body having its mass arranged in- 
to such a form, are very instructive to the pupil, — viz. the slow 
but constant shiftings of the nodes, or intersecting points of 
their orbitual planes ; and the changes too of their apsa, 
or of those parts of their several elliptical orbits in which 
they are nearest or farthest from Jupiter (their places of 
perijove or apojove). 

The " inequalities of the motions of Jupiter's satellites 
* * * are so much connected, and (as we may 
say) so completely entangled, that though they may be ex- 
plained" * * (in the popular manner so delight- 
fully exhibited in the professor's book) * * "it 
would hardly be possible to calculate them in that way. A 
mathematical process of the most abstruse kind, which 
will at the same time embrace the motions of all, is alone 
competent to this object." — Gravitation, p. 138. 

^ So completely are these motions, with all their perturba- 
tions, thus " embraced" in the present calculations of as- 
tronomy, that the mariner leaves Europe in 1840 with his 
cabin shelf provided with an Almanac for 1843, on the 
latest columns of which he may depend, even to a tenth of 
a second of time, for the instant of the immersion or 
emersion of one of these minute bodies : in order, with cor- 
responding exactness, to record his longitude on the shore 
of a newly discovered island in the vast Pacific ! 



Discovery of the Velocity of Light. 

^ The discovery of the velocity of light is chiefly attribu- 
table to observations on the satellites of Jupiter, at the con- 
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stantly varying mutual distances of that planet and our 
station, the Earth. When Jupiter is in opposition, (that is, 
when he appears on our meridian at midnight ; the sun 
being under the north point of our horizon whUst we are 
looking at Jupiter elevated in the south,) the situation of 
our planet in space is, of course, exactly between the sun 
and Jupiter : we are then, consequently, nearer to him by 
the whole- width of our orbit (190 millions of miles) than 
when, after somewhat more than six months, we have so 
outstripped him in angular motion as to be on the other 
side of the sim with respect to him. 

It was found, (as early as 1 675,"^) that the times calculated 
for the occurrences of eclipse, &c., of the satellites, were too 
early in the former case, but too late in proportion as the 
Earth passed from an average distance into the latter cir- 
cumstances ;t and putting the facts together, the conclu- 
sion was attained, that the light reflected from these bodies 
to reveal their phenomena to our eyes, occupies 16 minutes, 
26A seconds in travelling across a space equal to the dia- 
meter of our orbit ; or double our distance from the sun ! 
Fifty years afterwards, Dr. Bradley (English Astronomer 
^oyal) confirmed this by calculations founded on a most 
refined discovery of apparent displacements of the fixed 
stars.J 



* By Romer, a Danish astronomer, then resident in Paris. 

t Jupiter, and especially the phenomena of his satellites, (see 
Note preceding the Rule, on p. 157,) cannot be satisfactorily observed 
unless at a considerable angular distance from the sun ; but the com- 
putation may be supposed to have been made for Jupiter's average 
distance. 

t See Aberration (under a short notice of the Barth as a planet) 
in the pages following. 
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DI8TUSBANCS8. 

The pixpH 1ft now Bomewhat better prepared to suney 
the planes of the several orbits of the whole system ; and, 
in some degree, to appreciate the labours of Uie sdentific 
astronomer. We must be allowed to remind him, hovever, 
that the circumference of a shilling, placed at l^e middle 
of a table in a large room, represents fairly the orbitaal 
path even of Uranus ; the distant walls of the room being 
supposed to be the situations of some of the nearest fixed 
stars! 

The diagram now introdnoed extends only to the orbit of Satora: 
the orbit of Ursniu would h«ve required doable ■paoe« ThepliiR of 
the earUi's orbit (our ecliptic) if that to which the others are tobe 
referred (p. 243). It will be seen that, accordingly, the mailoBC 
of this is nniformly black ; the more conspicnous portions of the 
orbits of each of the other planets being those halTes of them irbicfc 
are abore, or north of oar ediptie plane ; and the less conspieiMW' 
portions, iJiose beiow it. The symbols point oat the snppoaed ]d>ctt 
of the planets, and A N, and D N, their ateendh^ and detemi»9 
nodes. 




Y x^>N ) ] ] 

DI^••... ■■■•-... \ ,y 

^■...__^ -=:- 

In the pages which immediately foUow the present artick> 
the masses, distances, periods, &c., of the planets are briefly ptf' 
ticalarised. 

*«* It is of much importance to remember that the attracting foite 
exercised by any mass, is the same on a greater as on a lest bodyf 
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proWded their distances from it be the same. It is that inequality 
between the two attractions of a planet for another planet and for 
the son, which is as constantly Tarying in its degree and in its 
direction as the reUtive positions and distances of the three bodies 
are varying, that is the cause of perturbation. 

Let the pupil bear in mind what has been attended to in 
the diagrams illustrating Jupiter's system, and he will easily 
conceive, from the positions marked above, that as h , at 
the time supposed, occupies a place in his orbit which is 
not only in advance of %, but dso somewhat southward of 
liini, h's tendency on >^ is to accelerated and depress 
him, as that of V- is to retard and to elevate h, — Vs in- 
fluence on (J and 9 is to retard them, and pull them up- 
ward ; but whilst retarding $ , to depress her. So on, 
with regard to the influences of the rest. * 

^ The mass of Jupiter is equal to 900 Earths, and that of 
Saturn to 100 of them. Hence, it may be conceived that 
the perturbations they occasion are most conspicuous. Even 
Mercury, whose distance from the sun is not one-thirteenth 
of that of Jupiter, is so affected as that its orbit is " flat- 
tened a little on the sides nearest to, and farthest from 
Jupiter ;"t &nd Venus, the Earth, and Mars, all likewise 
interior with respect to him, have their apses (or points of 
perihelion and aphelion) progressing or regressing ; and 
their orbits a little more or a httle less excentric, according 
as Jupiter comes more nearly into a line with their apses, or 
into a position at right angles to them. The inequalities 
resulting from the mutual action of Jupiter and Saturn 
were palpable enough to be much earlier known to 
astronomers. 

"'" *' When the action and reaction of the whole system is 
taken into account, every planet is acted upon» and does it- 

* A disturbing force acting in the direction in which the planet 
is already moving, and, therefore accelerating at the instant, has 
the reverse effect ** in the long run,** for it increases the size of the 
orbit, and thus lengthens the whole time of revolution. On the con- 
trary, a force opposing the planet*s motion, and thus retarding it for 
a time, makes the planet's whole revolution shorter by contracting 
the dimensions of its orbit. 

t Airy*s Gravitationt p. 140. 

2 2 
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self act, in this maimer on all the others ; and the joint 
effect keeps the inclmations and ezcentridties {see our p. 25) 
m a state of perpetaal variation. It makes the major axes 
(seep. 23) of all the orbits continually revolve, and causes, 
on an average, a retrograde motion of the nodes of each 
orbit upon every other." — Connexion of Physieal Scienea, 
p. 25. 



'*When the existence of perturbations was 
Nbwton himself feared the instability of our scheme, and 
imagined that the Deity must directly interfere to pre* 
serve it. Groundless fancy ! The Deity is no limited or 
imperfect architect. His thought, which comprehends the 
universe and all its destinies, is stamped upon its minutest 
part !" — ^Nichol's Phenomena of the Solar 3y«/efn, p. ^I- 

^ The inequalities of motion which more immediatdy 
occur from the perturbing action of the planets on each 
other, are called periodical, because they are compensate 
when the revolving bodies return to the same relative posi- 
tions in their orbits ; Although several hundreds of years are* 
in some instances, required even for this* But changes le- 
suit in the elements of the system, which require a^» to 
render them palpable in their inequalities ; and such in* 
equalities are, therefore, termed secular (seculum an e^Y 
The shifdngs of nodes, or places of the intersection of 
the planes of the orbits, (such as A N and D N,) are import- 
ant secular variations. The nodes of Jupiter's orbit from 
the action of Saturn alone require 36,261 years to accoio* 
plish their revolution. 

" Secular inequalities are, in fact, nothing but what re- 
mains after the mutual destruction of a much larger amou&t 
(as it very often is) of periodical * * * * 

The varied orbit accommodates and adjusts itself to the 
average of these'*' excursions on either side of it; 



• That i?, the periodical inequatiiies. 
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thus continues to present, for a succession of indefinite 
ages, a kind of medium picture of all that the planet has 
heen doing in their lapse, in which the expression and 
character is preserved, but the individual features are 
merged and lost." — Sir John HerscheVa Astronomy, p. 
342. 

" The task of canying order and law into this mass of 
apparent confusion, has required a long series of men of 
transoendant intellectual powers, and a perseverance and 
delicacy of observation, such as we have not the smallest 
example of in any other subject."-— TF^ewW/'ff Inductive 
Sciencea, Vol. II. p. 221. 



^ " It was, perhaps, the grandest discovery of the late ge- 
neration, that these perturbations are 0«ct7/!a/ory--*that a 
planet, after leaving its regular or mean path for a certain 
time, returns slowly to that path, deviates from it on the 
other aide, and again returns and passes to its former limit* 
Like a pendulum these bodies move, now to one side of 
their mean line, now to the other ; and although the oscil- 
lations in some cases occupy countless centuries, they are 
not less sure* and fixed than those of the rod whose regu- 
lated motion marks a second of time. How striking is 
this new proof of the beauty and perfection of our littlie 
home-system ! How reverentially have we been cared for !'* 
—Profeaaor Nichol, 



* Lagrange and Laplace have demonstrated that "the arrange- 
ments of the Solar System are stable— that, in the long ran, the 
orbits and motions remained unchanged. • • • *]^q 
perpetual perturbations reach a maximum yalue and then diminish. 
The periods which this restoration requires are, for the most part, 
enormous. • • • But the restoration is, in the sequel, 
as complete as the derangement ; and, in the mean time, the dis- 
turbance never attains a sufficient amount seriously to alter the adap- 
tations of the system." — Wh«w€iV$ Bridgewater lYeatite^ p. 162. 
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TELESCOPIC VIEW OF THE PLANETS. 

We shall endeavour to introduce a few such particulars 
respecting the distant planets, as may best answer the en- 
quiries generally made in looking at them through the 
telescope, reserving a description of the moon for those 
pages in which the problems are introduced which relate to 
her. We first notice the following : — 

1 . The Bulks of the planetg have been ascertained by oompuing 
their apparent dimenaons with their distances, as found by parallax- 

2. The Miuses of snch planets as have not satellites, hsTe been 
ascertained from the quantity of distorbanoe they create in the systea 
—the masses of those that have satellites have been fonnd, too,froiD 
the motions of those satellites — the masses of the satellites theo- 
selves, like those of the unattended planets, from their mataal per- 
turbations. 

3. The Mean Density of a planet (that is, how much of its matter, 
as compared with that of earth, is contained in a cubic foot, 
mile, &c.) is found by dividing its bulk by its mass. Thus, Satan's 
bulk is 990 times that of the earth ; but its mass only 95 times. 
Dividing the one by the other, we obtain nearly 10^, for the compar- 
ative porosity* of that planet. Hence the material of which Satan 
is made is about haffaa ^eavy as water, our earth being on an aveia^ 
about ^«e times as heavy as that fluid.t 

4. Weight on any planet, or the whole attractive force of its 
mass, (considered as globular,) is that which is found, not oolj by 
considering its mass, but considering also the square (jf the dUtsMCi 
(/ Us centre (T, p. 218). Thus, if Jupiter had his 300.fold nus 
condensed into as small a compass as the bulk of our earth, weight 
on his surface would evidently be 300 times as great as weight hert: 
but, inasmuch as the distance of his centre is 1 1 times as great, ^ 
must diminish this SOO-fold weight 121 timet, and this ledocesitto 
a weight of 2| only. 

5. In considering our earth's rotation, and the pendolnm, &^ 
(page 228,) we noticed that a portion of weight is coonteiacted d^ 
centrifugal force, especially near the equator. The rapid rotatioo^ 
of the huge bodies of Jupiter and Saturn, furnish a coDsiderai»f 

* Perhaps the molecules of matter may themselves be different u 
the quantity they contain. 

i* ** If an ocean of water were poured into the cavities upon thejor* 
face of Saturn, its equilibrium would not be stable. It would ^^ 
its bed on one side of the globe, and the planet would finally hecoj- 
posed of one hemisphere of water and one of land." — Whi^^ 
Bridgewater Treatise, p. ISO. 
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counteraction to foMyht on their sorftoes. Still, so freat is attcae* 
tion at their sorfaces, that the rising force of the sap in vegetation* 
animal muscular power, the strengi^ of fibre and of bone, and the 
state of all tiie circumstances of acUptation here, would evidentiy be 
aU unequal to their burthens thtrt. On the smaller planets, as on 
Mars or Mercury, the inhabitants would be equally inoonvenienced 
from the excess of such supplies. 

6. Our circumstances, although circumstances of mercy, are those 
* of penalty and of trial ; iheiTM cannot be unhappy, or uneasy, if 
still keeping " their first estate !" 



SATURN. 

Next to Jupiter, whose system we have more foMy con- 
sidered in illustration, Saturn is the largest of the planets. 

The wondrous appendage of his rings is totally (Afferent 
from anything else in the Solar system. The fiat of the 
two rings is a little more than thirty-three thousand miles 
across, whilst their thickness is not more than one humdred 
miles. They are kept at a distance from the attracting 
planet they surround by centrifugal force ; and it has been 
ascertained that, accordingly, they revolve about Saturn in 
ten hours and a half, t. e, in the time that a satellite at 
their little distance of 22,000 miles from so large a primary 
must bave revolved to balance his attraction (p. 231). 

The Earth is never quite so much as 29* to the north oc 
south of the plane of these rings, and as they are concentric, 
and in the same plane with each other, their united appear- 
ance is generally that of a long ellipse ; the interval be- 
tween the interior one and Saturn being easily seen on 
each side of him, but the mark of their separation from each 
other being but very dimly discerned,* except in very large 
first-rate instruments. A smaller telescope, with a power 
of 20, may suffice to shew that Satum*s whole form is not 

* An aohromatio telescope of 3| feet foens is the smallest that 
can be advantageously employed for astranomieal ohseryations. The 
author's telescope, a refhustor of this sise, described by its maker, 
the late well-known Mr. Tolley, at '* a very perfect instrument," and 
which shews some of the more diffionlt of the double stars, i^ewed 
the division between Saturn's ring rather indistinctly, even when 
Saturn's declination was more fiivouraUe fbr a view of him in our 
latitude than it has lately been. 
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round. It was because the early uncorrected (C, p. 15) 
telescopes shewed the extremities of his outer ring as pro- 
tuberances on each side of the disk, whilst they did not 
distinguish the intervening portion and its shadow on the 
planet, that the astronomers who first thus viewed Satom 
described him as having ansa, (or handles,) like a vase. 

Of Saturn's seven satellites, the largest is about the size. 
of Mars ; two of them, at most, are ordinarily percepdbk 
in a moderate astronomical telescope, and five in the largest 
and best. His other satellites slart the edge of the outer 
ring, and are not at all visible, except when the rings, so 
inconsiderable in thickness, disappear in consequence of the 
earth's getting into their plane ; or when Saturn is so situ- 
ated wiUi respect to the sun, that he can enlighten only the 
edge of it. In October, 1832, and April, 1833, the rings 
were invisible from the former cause ; in December, 183?, 
they were invisible from the latter. Last year (1840) the 
rings presented their most open appearance : in 1847 thej 
will again disappear. 



MILES. 



Saturn's Diameter. . 76,068 y^^ ^^ ^^^ ^^j^^ 

fr^the 1^''?! } 890,000,000 j as Been from the Earth. . . • 16" 

The plane of Saturn's orbit crosses our Ecliptic plane with as ia* 
eUnation of 2'' 30^, and his axis of rotation is inclined rather moie 
than that of the Earth, or to nearly 30^. 



YKB. DTS. B&S. MIN. 

Periodic time, or length of' 

Year, performed with 

velocity* of 6 miles per 

second 
Rotation on Axis or length ^ 10 16 1 ^^^' 

of day .5 J 



( OQ IT*; 1 His year CM- 

3 / thousands of ^ 



* A portion of that wonder which impresses us when we first har 
of the hourly rate of a planet's translation in its orbit, subsides «i>^ 
we take their bulks into consideration. The earth moves throvgi^ » 
^ousand miles per hour, but this is not nine times its diameter :J^* 
Saturn moves through 22 thousand miles per hour, not <)i^^'^^*^'~°* 
his. These would appear to be slow motions, if we could wd^^ 
as imitated in a planetarium the parts of which were constructed » 
exact proportions, and moving in times correctiy related to those w 
the bodies they represent. 
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URANUS. 

Uranus was not discovered to be a planet until 1781. 
It still bears the name of " Herscber* in honour of its dis- 
coverer, as well as that of " the Georgian," in honour of 
his patron George III. It is the most distant in the system, 
being nineteen times as far from the sun as the earth is. 

The distance of Uranus is so great, that although next 
to Saturn in magnitude, his apparent diameter in our sky 
is only one fourth of that of Saturn, and the light he reflects 
so feeble, that his appearance, even in a good telescope, is 
rather that of a planetary nebula ; only such telescopes as 
those of Herschel, or Struve, or Shroeter, can at aU dis- 
tinguish any of his moons. " Two undoubtedly exist, and 
four more have been suspected."* Sir John Herschel, as 
well as his father, their ^scoverer, has ascertained the re- 
markable fiact, that unlike all other planetary motions of 
the solar system, that of the moons of Uranus is nearly at 
nght angles to the planet's orbit, and retrograde. 

The diameter of Uranus is 35,000 mUcs. f J^ "f^ "^K'*^ 

His meandiatancefrom the sun 1 ,800,000,000 milesS fr^th^'^J^'^? 

The plane of his orbit, coinciding with our Ecliptic, except 0" 46'. 
His periodic time or length of year, 84y. 29d. 
His time of daily rotation, unlmown. 



THE EARTH. 

Our planet, if viewed with a telescope at such distances 
as those at which we view Venus or Mars, would probably 
present a changing picture of the continents and islands 
(which occupy the fourth part of its surface) ,t with varia- 

* Sir John Herschel. 

^ t Only one twenty-seventh part of the land has a portion of land 
diametrically opposite to it on our globe. 
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ble distinctness, according as the streaky currents of its 
atmosphere happened to be more or less loaded with vapoui: 
the general serenity of its equatorial regions bdng marked 
by the more constant, but still broken, streaks* of the trade- 
wind regions a little north and south of it. The stxongly 
reflecting snows of the Polar regions would render each o^ 
them also more or less conspcuous, for the alternate seasonal 
.periods during which they are exposed to the son or hidden 
from him. 

^From Venus, whose orbit is interior to our's, the earth 
(with the moon attendant upon it at an angular distance of 
about half a degree when most separated) would form a 
brilliant and beautiful object ; our phases to Venus beisgi 
like those of Mars to us, variable oidy from the gibbous to 
the full. 

But from Mars, since he is exterior, our disk would eibibit 
extreme phases, from the wiry orescent to the fall, BQch as 
those we observe in Venus. Our moon, appearing sms- 
times to the right and sometimes to the left of our planet, 
but at its utmost remove being distant from it only ahout 
one third of a degree in his sky, and both oocaaoDaBy 
crossing the sun as two black spots of very unequal mag- 
nitude. {See Remark on Mars, page 45.) 

*^* At the distance of Jupiter, our planet is probably 
involved in the sun's rays : and from Saturn even Jupitef 
(as Venus to us) is but a morning or evening atte&dant 
upon the Sun. 



• See H, p. 260. 

t The Earth's southern hemisphere is presented to the sun sckh 
days less than the northern one ; but it receives, during this deficieot 
period, an exactly equal supply of the sun's heat : for that which oc- 
casions the Earth's acceleration in our winter, viz. her lessened dU' 
tance from the sun, exactly compensates for her more rapid passas^ 
through his beams of heat. 

'* Equal amounts of heat are reeeived from the sun in passing o*^ 
equal angles around it, in whatever part of the dtipse those fogi^ 
may be situated." — Sir J, Herschel. 
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ABBB&ATIOK OF LIGHT. 

B Our planet xnoves in its orbit at the rate of 19 
miles per second : — light comes to us in its various directions 
from the heavenly bodies, at the rate of 1 90,000 miles in the 
same time. (A ratio of ten thousand to one,) Our motion, 
however, produces a slight change in the apparent places of 
the fixed stars, somewhat like the apparent alteration in the 
direction of a very distant ship's coarse, when we view it 
from the deck of a vessel itself in motion. 

If the earth were stationary for a moment* in its orbitual 
pathway, the ray of a star would pass down the middle ot 
axis of the telescope, and we should refer the star to the 
exact direction from which that ray reached the eye ; but 
at the instant at which she resumed her course, it is plain 
that our telescope must be inclined a little, or that line of 
light would strike against its side ; this would occasion a 
displacement, apparent in its amount and direction only to 
an observer provided with astronomical skill, and the nicest 
means of detecting it. The amount and direction of 
aberration depend upon the earth's situation at the time* 
When her motion is at right angles to the path of the visual 
ray, and its aberration is consequently greatest, it amounts 
only to 20j seconds of a degree. 

Since the Earth is moving orbituaUy in a plane immediately under • 
math that point in the heavens which we caU the pole of the Ecliptic, 
the amount of apparent displacement of a star situated «# that point 
is daily the same, but constantly changing in direction ; and it thns 
appears in the course of the year to describe a minute circle of 40^" 
di&ineter aronnd its true place. If, instead of being at the Ecliptic 
poUf the star (like Seguhut) is situated in the Ecliptic jiton«, (the 
plane of our motion) — it appears, in the conrae of the year, to oscil- 
late in a straight line to 20^'' on each side of its tme place. If 
nather in the Ecliptic nor at its pole, this displacement deseribes a 
minute yearly ellipse having its larger diameter 40^'', but more or 
1«88 flattened ; that is, less iDce a circle, and more like a straight line, 
in proportion as the star's latitude is less, or it is nearer to the Ediptie. 

Hence, since from this optical cause, ^ stars of varionslatitttdes are 
variotuly idfected, they are slightly displaced **on« amom§ the other." 

The discovery of the aberration of light was due to the 
accuracy and sagacity of Dr. Bradley, in 1727, whilst un- 
successi^y endeavouring to detect an annual parallax of 
the fixed stars (H, p. 277). The rate of the travelling of 
%ht, discovered fifty years before by Rdmer, (p. 355,) 
was fully confirmed by this discovery. 

2 A 
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VENUS. 

The Fhosphok or Lucifer of the poets, when westward of tbe 
san, and therefore preceding him as a morning star in the EoMt— 
HcspBRUS or Ybbpbr, when eastward of the sun, and therefore set' 
ting after him as an tvenikng ttar in the Wni, 

Vbnus differs but little in bulk from our earth ; but as 
she is an " inferior ** planet, or nearer to the sun than oui- 
selves, and her distance from us, consequently, variable to 
the extent of the whole diameter of her orbit, her apparent 
diameter as viewed at distances between these extremes of 
163 millions and 27 millions of miles, is very different at 
different times. Accordingly, when nearer to us, althougli 
then only a crescent (p. 45),* the surface of that crescent, 
from its great diameter (60"), affords us her utmost biil- 
liance ; although when she is least splendid the telescope 
discovers her whole disk. From this brilliance, when not 
too near the sim, she may be seen by the naked eye intbe 
day-time (C, on p. 1 6) ; but at night, from this very cause, 
she is the most difficult of all the pknets to define. Shroeter 
confidently asserts the existence of very high mountains in 
Venus, and gives their measurements ; but Sir John Her- 
schel perceives " neither mountains nor shadows.'* 

The plane of the orbit of Venus is inclined 3° 23' to our 
ecliptic plane ; her ascending node being about 15 n>8D<i 
her descending node, consequently, about 15 $ . Wb^i 
therefore Venus happens to be in inferior conjunction on 
or about the 5th June or 6th December, her dark disk is 
seen to transit the sun's. 

^ The relative distances from the earth, of the sunandoi 
Venus at the times of her transit, are known, from the ratio 
between her revolution or year and our own (N, p. 236). to 
be as 2^ and 1 , nearly. Since then Venus's parallax is pro- 

♦ When it was olijected to CopemicoB, (100 years hefore tbe »• 
vention of the telescope,) that were his theory tme, Veniu Am 
exhihit phases like the moon; he replied by maintaining, that tv» 
woidd be the case if the time should ever come when men migl^'^ 
her shape 1 
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portional to her nearness, if appearing to an observer in 
Europe at such time of transit, to cross the northern por- 
tion of the sun's disk, she must appear to cross it still higher 
up (and therefore enter upon it later and leave it earlier) if 
watched by his antipodes in the south. From two such 
simultaneous observations, the difference of the parallaxes 
of Venus and the Sun (and therefore the Sun's parallax), 
is exactly determined ; and hence the occurrence of Venus's 
transit is extremely important to astronomers. 

The next two transits of Venus will happen on the 8th 
Dec. 1874, and on the 6th Dec. 1882. llie last two 
transits were on the 6th June 1761, and on the 6th June 
1769. For observations on the latter occasion, expeditions 
to the North and South were fitted out by various European 
governments ; Captain Cook being sent out for this pur- 
pose to Otaheite, by our own. 

^ Venus is west of the sun for about 290 da3rs, and when 
thus preceding him in the apparent daily revolution of the 
heavens, is called a morning star. She is afterward east of the 
sun for about the same length of time, and thus following 
to set after him in the west, is called an evening star. Her 
time of whole revolution around the sun does not equal one 
of these periods : Her continuance thus to the east or west 
of the sun, being due to our partially keeping pace with her 
in angular motion around him. 

MILBS. 

Indination of her orbit to oar ecliptic, ... 3° 23' 
Inclination of her aiis to the plane of her orbit, . unknown. 

DATS. BBS. MXN. 8SC. 

Periodie time, or length of Year . • 224 16 
Botation on axis, or length of Day (accord- 

lag to Shroeter) 23 20 54 
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MARS. 

c Of tbe 8aperior planets. Mars is the nearest to our eartii 
As his path is only 47 millions of miles distant from ouis, 
when in o]^sition to the sun he is nearly five times as near 
to us as when on the other side of that luminary ; and his 
disk, accordingly; varies as much in its dimensions, being 
at one time as much as 18", and at another only 4" in its 
diameter. 

Although Hius exterior in his path he is frequently ^- 
bous, presenting to us a portion of his darkened hemisphere: 
this is owing to the relative dimensions of our orbit, which 
are such as occasionally to render our position in bis sky 
considerably removed from that which the sun is occupying; 
and thus, l^e Venus to ourselves, we are occasionally pre- 
sented to a portion of his surface from which his momiog 
or evening sun is absent.* 

H The ruddy disk of Mars is not any easy telescopic ob- 
ject ; but Herschel discerns '^ with perfect distinctness, tite 
outlines of what may be called continents and seas/' the 
*' general soil" presenting an appearance " like what th^ 
red sandstone (Ustricts on the earth may possibly ofier to 
the inhabitants of Mars, only more decided ;" the seas ap- 
pearing greenish, and brilliant white spots at his poles, more 
or less great and vivid, according as, from the indination 
of his cuds as he revolves in lus orbit, they may have heea 
long exposed to the sunbeams, or are "just emerging froa 
the }ong night of their polar winter." The same astrono? 
mer considers, that the reasons assigned fqr the probability 
of the existence of a very extensive atmosphere on Mais. 
are incondusivej and that he may be nearly d^titote d 
an atmosphere and clouds. 

Mars's Diameter . . , . , 4f30B 

Hif mean distance from the Sun . . I42jmfi00 

Inclination of his orbit to our ecliptic . • 1^ 51' 

Inclination of his axis to the plane of his orbit 30" 18' 

DATS. BBS. Miir.iie< 
Periodic time, or length of year . . 6tt7 

Rotation on axis, or length of day . 24 39 21 



• The pnpil will understand that aa beheld from Yenns the eii^ 
must frequently be gibbons, t. e„ that portion of our disk from whia 
she is conspicuoos to us must itself be dark, because the ma is *^ 
sent from it. 
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MERCURY. 

Mercury, the nearest planet to the -Son, is also of com- 
paratively small dimensions. His phases are, of course, 
similar to those presented by Venus ; but since, from the 
contracted ^mensions of his orbit and its distance from us, 
his greatest elongation is only 29^, his brilliant disk can- 
not be seen, even when thus most favorably situated, for a 
longer time than about two hours before sun-rise or after 
sunset. 

ICILIS. 

Mercury's diameter 3,123 'jHis mean angaLar dia- 

His mean distance from ) oa nnn nnn 5" meter as seen from 
theSmi J 36,000,000^ the Earth 8" 

Inclination of his orbit to the Ecliptic 7" 

Inclination of his axis to the plane of his orbit Unknown. 

Periodic time, or length of year 88 days. 

Rotation on axis, or length of day Unknown. 



ASTEROIDS, 

OA, '* ULTRA-EOOIACAL PLANETS. 



^ A curious relationship exists among the numbers which 
represent the distances of the orbits of the several planets 
from the Sun : the interval between the orbits of Venus and 
the Earth being about half only of that interval which exists 
next beyond it between those of the Earth and Mars, but 
about double of that which exists next within it, between 
the orbits of Venus and Mercury. 

Until the year 1801, this law of relationship of dis- 
tance, (which is sustained on each side of Saturn's orbit, 
in the intervals of Jupiter and of Uranus,) appeared to be 
infringed in the greater interval between the orbits of Mars 

2 a2 
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and Japiter. Bode, the celebrated German astronomer 
who detected this law, had even conjectured that a planet 
might be found circling between Mars and Jupiter. 

^^f^^ *^^ }C«RE8 w«s diBooTered by PUmof Paknno. 

In 1802, Pallas — ^^ Olben of Bianen. 

In 1804, JvNO -.-^ Harding (^ lieBtH 

and M. Olbers, conceiving that these tiiree small bodies 
were but fragments of one exploded mass, surveyed thice 
times a year the whole region of the aky about Yirgo and 
Cetus; in one of which opposite constellations he sup- 
posed the original mass must have been separated ; and od 
the 29th March 1807, discovered Vbsta. 

I- The four minute bodies thus discovered, and conjec- 
tured by some to be but the larger fragments of a destroyed 
world, are moving in orbits, now exactly calculated* which 
mutually intersect, and that at a distance from the orhits of 
Mars and Jupiter " tolerably well corresponding wkh Mf 
lam in question." 

The largest and brightest of these Asteroids appears oiiiy 
like a star of the sixth magnitude when viewed together with 
such a star in the telescopes of our national observatoiy; 
and such a star has sometimes even been confounded with 
it, and observed in its stead. 

DIAMETERS. MKAN DISTANCl INCLN. OP OBB^ 

FBOM 0. TO fiCLIPTlC. 

Ceres 1,024 Miles. 263,000,000 W 37' 

Palljifl 2,099 265,000,000 34 35! 

Juno 1,425 253,000,000 13 4 

Vesta 238 225,000,000 7 8 
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COMETS. 

From the evliest ages the presence of Comets has been 
prodactive of peculiar and awfiil impression on the minds 
of men. They have been regarded as «< blazing stars ;'* 
harbingers of Divine vengeance ; omens of pestilence and 
general calamity* 

*' A fatal aign to armies on the plain, 
Or trembling sailors on the wat'ry main." 

Even considerably after the dawn from the gross dark- 
ness of the middle ages, they were regarded as cruel and 
potent agencies, threatening 

'* To herdsmen rot ; to ploughmen hapless seasons s 
To sailors storms ; to cities ciTil treasons.'* 

The suddenness of their imposing appearance, as well 
as tbeir apparent nearness and lawlessness, has caused 
perpl^ty and consternation even in less remote times. 

It is tiiought, however, that the Chaldeans, as well as 
P)rth«goras, entertained just ideas of Comets, as lasting 
pkmetary bodies ccmspicuous only in the nearer portions 
of stated paths. 

^ Newton shewed that the curve described even by the 
most exeentric of comets in the visible portion of its revo- 
lution, is such as the law of gravitation produces. Dr. 
Halley, Newton's cotemporary, calculated the orbits of 
what be at £rst supposed to be twenty-four of these bodies 
from the observations recorded of them, but made the dis- 
covery that the orbit of one comet answered to the several 
records of the years 1531, 1607, and 1582 ; and from the 
near conespondence of the periods between these dates, 
was led to find the identity of this comet with that which 
had been noted at the corresponding intervals of 1305, 
1380, and 1456, and to predict its return in 1758 or 
1759.* 



• HaUeydiedA.D. 1752. 
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** Ab Uie time iqpproached, dainuit^ a celebrated FVendi 
mathematician, enooiintered all tiie impediments to an exact 
prediction of this comet's retmm — calcolated, that, as their 
potttiona were« the diatmrbing force of Saturn most retard 
it by 100 days, and that of Jupiter by 618 days— and 
foretold its paaaage of perihelion as necessarily to ogcot 
within a month of 13th April, 1759 ! The comet, after its 
ae^enty-seven years' curve amongst the invisibUitieg^ of 
space, arrived within sixty-five diameters of its primary the 
Sun, on 13th March in that year ! 

From 1750, the action of the planet Jupiter in one di- 
rection, and of the Earth, Saturn, and Uranus in the otkr, 
had considerably deranged the orbit of this comet ; bat it 
ftitiifully appeared, (as many of our pupils will reooflect,) 
with remarkable predsion, in that portion of the sky to- 
wards which all telescopes were directed to meet it at tbe 
predicted time. 

P Besides that referred to above, and which still jnsdj 
bears the name of " HaUey," the orbits of two comets, d 
very short periods, are now known and exactiy calcdatei 
The one is that of Encke, which revolves in 3^ years ; and 
the other that of Biela, or Ghunbart, which has a period of 
6f years. Each visit of these comets was fbrmerlj re- 
garded as that of a new one ; but they are now identified 
with their several dates, and punctually return to present 
themselves to the telescope. 

9 It is supposed that there are many thousandsf of comets. 
Hundreds were recorded, whilst as yet the most conspi- 
cuous only could be viewed ; and now scarcely a year elfl|)9es 
without the detection of one of these bodies by the tel^ 
scope. The pupil who uses the globes will understand, tfait 
many hundreds more may have approached and receded in 
toicks which have been invisible, because lying amongst 
those constellations which are periodically hidden from oar 
planet by the presence of sunlight. 

* To twice the distance of Ura&ius. 
t See Herschel's Astronomy, p. 301. 
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^ Comets are thought to be immense volumes of vaporous 
matter of wonderful tenuity, probably inclosing a hollow 
space, and reflecting the sun's light as well from their in- 
terior as from their exterior surfeu^s. They are frequently 
accompanied by a long diverging stream of light, which 
sometimes precedes and sometimes follows them, but which 
is generally directed /rom the sun. Several, especially of the 
smaller comets, are entirely without this appendage. Hiilo- 
sophers arCi at present, as ignorant as ever of tbe precise 
nature and service of comets; but they are all brightest 
just after passing the sun, and those that have tails have 
them most lengthened and developed at that period.'*' 

' Their bulks are enormous, but their masses are com- 
paratively inconsiderable: — 

1. The smallest or least brilliant telescopic stars have remained 
distinctly visible, even when the densest part of a comet has inter*- 
vened between them an4 the eye. 

2. They are themselTes much affected by the disturbing forces of the 
planets, but are not capable of exciting a perceptible disturbance 
themsdves (S, p. 257). One of them (Lezell's, which in 1770, ap- 
peared to be revolving in a period of five years), became ** entanglea** 
in the midst of Jupiter's satellites without deranging their motbns, 
but was itself thus so thrown out of its own ellipse, as not to make its 
return. (See also Y, p. 274.) 

3. In 1827, a comet passed between us and the sun, but was not visi- 
ble on its disk, even as a speck of doudiness, whilst so passing. 

4. Of the two small tailless comets of Encke and 6ambart,the former 
eiossea the ecliptic sixty times in a century : the latter, which is 
more than 21 thousand miles in diameter, in 1832 crossed our plane 
witkm the earth's path and at a point not much in advance of her 
progress. But their masses are so small, and their texture so " filmy, 
and all but spiritual," that even if, (as some then feared,) in con- 
sequence of any disturbing attraction, the comet had been delayed 
and the earth had passed through its head, it is supposed that sucm a 
collision, although ** perhaps not unattended widi danger," might 
have issued only in a small deflection of the earth from her course^ 
and a trifling change In the length of our year. 

I* They are thought to shine only by reflecting the light 
of the sun : — 
1. The largest and most brilliant cease to be visible when attaining 



* The tails of the Comets of 1680 and 1811, when they had passed 
their perihelion, were not less than 100 millions of miles in lengtii. 
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fiT8 timet the eertii'i ditteaee from the aim ; but their diameters are 
each as to be measurable eren when just to disappearing from dim- 
nett : to that they firtt yaniah, not firom their extreme distance, bit 
from their lott of tofficient tnnlight. 

V Their courses are extremely excentric : — 

1 . That of 1680, in itt perihelion, was not distant from the son one* 
•izth of the ann't diameter. The length of the orbit of Halkj's 
comet is sixty-fold its breadth. 

^ The planes of their paths are variously and excessively 
inclined to our ecliptic : — 

1. They appear in parts of the heavens in which no other plsnetaij 
bodies are seen. It will be recollected that Halley*s comet, in 1835, 
was Tisible in Ursa Major. 

X The constant diminution of the period of Encke's comet, 
is considered as yielding evidence that an ethereal fluid 
pervades the regions of space. 

1. The resistance of such a medium, althongh insignificant in its 
effect when opposed to the momentum (G, p. 207) of ikM 
planetary bodies, is sufficient to diminish tJie centrifugal force of 
such a comet ; and thus, by contracting the dimensions of its oAit, 
to shorten its revolution and accelerate its return. (See note to fnp 
257.) Philosophers conceive that this may end in its being dnfv 
down upon the sun ; imless, as its lessening form suggests, it sbonU 
become dissipated. 

Y Several comets are retrogade, and some probably nwffe 
in hyperbolas (pp. 22-3), and thus, after visiting us, are 
pn>bably enticed away to revolve amidst other systems. 



J 
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THE FIXED STARS. 

The pupil is referred to Definitions 4, 5, and 6, on page 25 ; and 
to the arrangement on pp. 54-58, as guides to an acquaintance with 
the Constellations generally. In tracing the heayens, as visible from 
any part of Great Britain, or from any pkce having more north latitude 
than 50°, he will probably be much assisted also in the use of the 
familiar ** Rhymes on the Constellations*' (an attempt at a somewhat 
ludicrous association of very incongruous materials). See Appendix, 
A classical dictionary may be consulted for the history or mytho- 
logy of these fanciM conceptions. He may find too, a pleasant 
means of familiarizing them to his eye, in an easy problem given 
hereafter towards the end of Section III. The twinkling of stars 
probably arises from constant changes in the state of the atmosphere : 
their i^pearanoe is much more steady at one time than at anotiier. 

^ As fieur as the best and most powerful telescopes have 
reached into space, the existence of something like the law 
of gravitation seems to be universally indicated. The 
closer groupings of some even of those stars which are 
visible to the unassisted sight, suggests the idea of con- 
nexion and relationship ; and the number of such groups 
is greatly multiplied when we seek them even with a very 
conunon glass. 

If, for instance, on some fine night, we look at the 
Pleiades'*' without such assistance, and then direct a pocket 
telescope to the whiteness in Perseus, we shall allow that 
a similarity of state is probably existing in both groups : 
but the six of the Reiades become a numerous company 
on our applying the pocket telescope to them; and the 
numerous individuals of the speck in Perseus, start into a 
crowd of clusters in a moderate astronomical telescope. 

If we continue our search with this more advantageous 
assistance, we shall find that many a speck of whiteness that 
our little pocket tube revealed before, is really a family of in- 
dividuals like the Pleiades; whilst, as we move our telescope 
on its pivot, still more numerous patches of filmy light. 



* It was calculated, long ago, that the probabilities against the 
fortuitous aggregation of Umm six stars were uflve kwtdred tkouiond 
to one. 
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then quite inTisible, are now exciting a desire for a axnilii 
search into their secrecies. If the telescope is good, an 
application of greater power may probably gratify us vitii 
the solution or separation of some of these ; but many wH 
remain as mere specks of filmy whiteness, whilst still nuve 
and fainter specks, of similar Gharacter« are commg into 
view. 

In Herschel's telescope many of these minutest films are 
clustered firmaments ; but several visible in our pocket 
tube, or even faintly discernible by the naked eye, aie 
filmy still in his best instruments ; growing indeed blighter, 
bat only to become more mysterious ! One characteristic 
may, however, be regarded as prevailing in portioos, of 
many at least, of these unresolvable patches of wlikeoesB, 
(as well as in several of those that are resolvable into fltar8») 
— the indication of an internal attractive power— a ten- 
dency to form into a solid nucleus. 

* No fewer than 2,500 of such nebulae and clusters haTe 
their places registered : 500 of them being of veryieoeat 
discovery, during the stay of Sir John Herschel in ^ 
favourable climate of the Cape of Good Hope. 

^ There is a familiar illustration of the distance of ^ 
fixed stars on pages 151-2. Our sun, or any part of its 
system, cannot be less than two hundred millions of mSkxis 
of miles from the nearest of them ! Such a separataon, it is 
conceived, may be necessary for the prevention of mutoal 
disturbances of the systems circling around such suns ! 

^ Does, then, such an interval exist l)etween any tvo d 
the individual stars in the group of the Pleiades, or between 
two such in the speck of Perseus, or other kindred tele- 
scopic groups ? Such is the gigantic idea of modern as- 
tronomy ! Our sun is a star, — viewed, telescopically per- 
haps, from the nearest of these nebulous firmaments, oolf 
as an individual amongst the myriads of that similar nebu- 
lous cluster which we call the milky- way ! — ^perhaps too, 
apparently all but in contact with its nearest neighboaiSi 
Sirius, or Capella, or Arcturus, because separate ^ 
them to the extent only of two hundred millions of mil' 
lions of miles I 

^ For the milky-way extoids all round, underaeath and 
above us, in the apparent sphere which we call our i^' 



THB OALAXT. 277 

and the telescope proves it to be only an enormous collec- 
tion of stars too distant to admit of their light being se- 
parately visible. The inference is, that '' we are situated 
in an immense stratum of stars, the length and breadth of 
which is very many times greater than its thickness ; so 
that when we look through the thin part we see separate 
stars in sufficient number, but when we look along the 
stratum we see smaller and smaller stars, more thickly 
placed than before, and terminating in those which are so 
distant that their united effect is that of a mere cloud.*'* — 
(See def. Galaxy, p. 54.) 



" It is only when we look towards the milky way, that 
these bodies seem to retire indefinitely, and finally to be 
lost in a diffuse starriness. In all other places, the in- 
tervals between the luminaries are nearly quite dark, as if 
we were closer on the edges of our bed of stars, and there- 
fore saw through it into the external and obscure vacancies 
of space. The opinion is thus forced on us anew, that we 
are in the midst of a mere group or cluster of stars ; and 
moreover, that it is a group of peculiar configuration, nar^ 
row, but greatly elongated in the line of the milky way, — 
Nichol's Architecture of the Heavens, p. 13. 



Professor De Morgan. 
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DOUBLE STARS — BINARY SYSTEMS. 

c Of the myriads of stars, it was supposed until lately, that 
the brightest were the nearest ; but the very small star 
marked 61 in the constellation Cygnus, has recently been 
selected for special observation, as being probably nearer 
than most of the rest. If this be so, it is evident that, of 
two stars of very unequal brilliance- or magnitude, shining 
nearly together, and thus "optically double" in the apparent 
concave of the sky, the smaller may be millions of miles, or 
leagues, nearer to us than the brighter or larger. 

Many stars too, which appear as single points of light to 
the naked eye, are double in the telescope ; the individoab 
of such couples being, in some instances, equal in appear- 
ance, and in others, of very unequal magnitude. 

^ It was whilst unsuccessfully endeavouring to detect a 
variation of mutual distance between such a cou|de (%• (•> 
a parallactic displacement of the nearer one of two sucb 
stars, in consequence of the earth*s orbitual motion), that 
Sir William Herschel was led to the interesting discovery 
that, in numerous instances, these double stars compose 
" binary systems ;" and that although so enormously di^'* 
tant from us as to be utterly unaffected with an annual pa* 
rallaz, they are gravitating towards each other, and moving 
in regular orbits around a common centre of gravity. 

^ '* Sun around sun, each perhaps accompanied with its 
train of planets and their satellites, closely shrouded froi& 
our view by the splendour of their respective suns, (4, p- 
187,) and crowded into a space bearing hardly a greater 
proportion to the enormous interval which separates tl^ 
than the distances of the satellites of our planets from tbeir 

V i* It 

primaries bear to their distances from the sun itsen. " 
HerscheVs Astronomy, p. 394. 

Unless the planets which may be thus invisibly circling 
around one of such a couple of suns, •' be thus closely 
nestled under the protecting wing of their immediate supe- 
rior, the sweep of their other sun in its perihelion passage 
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round their own, might carry them off, or whirl them into 
orbits utterly incompatible, with the conditions necessary 
for the existence of ^eir inhabitants.** — Ibid. (See S, on 
page 257.) 

Sir William Herschel recorded the places of 500 double 
stars. It was ike frequency of such apparent combinations 
as he proceeded in his search, that led his mind to the im- 
probability of their being, as before supposed, mere appear- 
ances of juxta-position. . Since his death, the labours of 
Sir John Herschel, Sir James South, and Professor Struve, 
have augmented this number to 6000 ! of which not less 
than 30 or 40 are ascertained to be revolving systems ; and 
several have the exact forms of their ellipses of revolution 
determined, and even the periods in which they complete 
them compute, from the observations taken of their vary- 
ing relative positions and mutual distances. 



^ Of the stars familiar to those who are using the Celes- 
Globe :— . 

Rigel (i3 of Orion) ; Polaris (a of Ursa Major) ; Vega (o of Lyra) 
and Cor Caroli, are double, and (with the exception of Vega) not 
difficult to difloern. There is also a beaatifol triple star in the right 
fore-foot of Monoceros ; and the minute star e of Lyra ( next N E 
of Vega), which appears as two when examined with a pocket tele- 
scope, presents, in one of considerable power, each one of this couple 
^ itself a double star, equally distant from a fifth probably asso- 
ciated in system with them I 

But, of other familiar objects, the periods are ascer- 
tained: — 

In a of Gemini (Castor), the period of revolution is 253 years. . 

In 7 of Virgo* .629 

In 7 of Leo 1,200 

In « of Bootes (Mirach; 1,600 

* The individual stars composing this, are nearly equal. About the 
year 1718, they were distant six or seven seconds (an interval nearly 
equal to the apparent diameter of Mercury, or half that of Saturn) ; 
^ey are now not more than one second separated, and appear in a 
nioderate telescope as one elongated star : they will of course become 
separated on the other side after many years. The orbit of ir of 
Serpentarius, is presented quite edgewise towards us ; the one star of 
this system is now projected on the other, so that the largest and 
best telescopes cannot discern more than one star ; but they were 
viewed separately by Sir William Herschel. 
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The following, from their shortaess of period, bave 

already, since tiieir discovery, accomplished the greater 

portkm of a course : — 

In f of Una Major (Misar), the period of revolution is 58^ yean. 

InfofCaneer 55 

In 70 of Ophincna or Serpentariui • .80^ 

Whilst the next is even £sr advanced in its second 
period; — 
In i| of Corona Borealis 43|^7ein. 
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^ Other evidences, not less palpable, of activity and sys- 
tem in the immensely distant regions of space, are noted 
in the appearances of new stars, as well as in the total dis- 
appearance of some, and the variation of brightness, or 
apparent magnitude, of others. 

The star 42 of Virgo, as many before, was first mused on the 9tk 
of May, 1828, by Sir John Herscbel. 



In 1672 a new bright star suddenly appeared in 
without perceptibly deviating from its place, increased in briDiiooe 
until it surpassed that of Sinus or Jupiter, being perceptible at boob; 
and finally disappeared by mere gradual diminution of Bplendour. 

It is cmjtctured that this star is periodical : that it Id 
been seen (Unmt 300 years before, and may, therefore, ago» 
appear in 40 or 50 years from the present time. 

As late as 1670, a new star was discerned in the head of Cygniu* 
which after becoming invisible made its appearance a second time, 
and continued two years, till it died away. 

Alffol (fi of Perseus) varies, with regularity, from the second toit- 
nitude to the fourth in three hours and a half; and in three honn 
and a hidf more has regained the splendour of the second magnitiw^ 
to keep it undiminished for two days and fourteen hours. 

It is supposed that this is caused either by the periodufi 

obstruction of some dark planetary body in motion aromdiii 

or by the rotation of the star itself which may thsstHttr- 

nately present a less bright portion of its surface. 

Sir John Herschel gives a list of the variations, 
periods of variation, of 15 stars. 
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Separation of the Individual Stars of a Binary System, 



C Suppose an individiial, who fires a gun at A 

y^^ ^\ whenever he passes it> be engaged to traverse, 

with unifDrm speed, a circular or elliptical path 

A, B, C, D, and to be required to discharge a 

musket at the instant of his arrival at C, with- 



\ / out slackening his pace. Suppose, now, the 

\^ v^ exact time occupied in performing this task from 

^^— -^"^ A to A again to be 40 minutes and 10 seconds > 

but that die sound of the distant musket at C 

be heard by E not after an interval of half that 

time, or 20 minutes and 5 seconds from his gun- 

S fire at A ; but after 20 minutes and ten seconds, 

— at which time it is evident that the traveller 

Has been 5 seconds on his way from C towards D. 

The listener at B knows, m>m this circumstance, the distance C A , 
snd consequently, the extent of the path and the rate of the traveller. 
Por, it is evident that the sound of uie musket occupied five seconds 
in its passage from C across to A, and sound is known to travel 
1 » U2 feet per second. 

^ A method somewhat similar to this, but depending on 
the fact that light travels with a certain velocity, (R, p. 254,) 
has heen proposed by Mons. Savary, to afford a knowledge 
of the distance which separates the two stars of a binary 
system. Let the Okie star at A be watched throughout its 
revolution around the other. F. When at A it will be 
blended with F, and both will appear as one star to an in- 
habitant of the earth at E (supposed to be at a great 
distance). It will appear most separated when at B — be 
^n blended with F when it arrives at C— again attain its 
gi^test apparent separation at D, &c. 

We will suppose this revolution of apparent blending^ 
and separations to be performed in 62 years. If in the 
year 1800 the star was at A, in 1831 it was at G ; but 
suppose observation to have ascertained that, although its 
third blending at A will be in 1862, it appeared to be 
blended by its arrival at C, not in 1831, but in a corre- 
spondmg month of 1 832 ? it will be evident (as in the other 
case) tluit the light which proceeded from the greater dis* 
tance C, to announce its arrival there, had been just one year 
in travelling across to A; and since light travds nearly 100 
millions of miles in eight minutes, it might hence be inferred 
by what interval these companion luminaries are separated ! 

2b2 
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The one half of its orbit will thus appear to have been 
completed in 32 and the other in 30 years. 

"The rule is quite general : observe the apparent times 
occupied by any revolving star in going through the two 
haivei of its orbit ; and half the difference of these times 
will be the period in which light passes through the 
diameter of its orbit." — Professor Nichol, from Mom. 
Savory, 



UNKNOWN CELESTIAL BODIES. 

^ The transmission of their light alone, whether direct or 
reflected, has hitherto been the cause of the discovery of 
celestial bodies. But it cannot be inferred that others may 
not exist, even in our own immediate neighbourhood; 
although it may be safely assumed, from the absence of 
any unknown p(»tion of that disturbing power so wonder* 
fully estimated by modem astronomy (W, p. ^59), that if 
such bodies exist very near us, they must be of inconsi- 
derable mass. 

1 . Reflecting bodies may be invisible, and thus unknown, 
because their reflected light is overpowered : — 

Tliere fiunf be a planet nearer to the snn than Mercury :— theit 
may be a satellite of the planet Venus : some astronomers have eves 
thought that, whilst obsenring that planet, they have noticed a minnte 
crescent fonni — just so much of such a companion of that plaoeti^ 
could alone be seen under our circumstances* 

2. Bodies may be invisible from the feebleness of reflected 
light at their distance : — 

In May 1834, Signer Caodatore caught a glimpse of what be con- 
sidered a body in planetary motion, beyond the orbit of Uranus. ^< 
have seen (K, p. 278) that, in the judgment of ourfir8ta8tronomeri,even 
the indiyidnal stars of the telescopic '* binary systems" are saoi «i^ 
planets dependent on them for light and motion. If the yariabkocsi 
of such a star aa Algol be caused periodically by the partial occolu- 
tion or eclipse of one or more dark bodies, those bodies must be o' 
immense bulk, althotigh thus invisible except by their interreoing* 
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3. The greatest of self-luminous bodies may be invisible 
from the vastness of its distance : — 

The largest body in the nniTerse may be amongst the faintest of 
those whidi are visible only as feeble points of light when the greatest 
and finest object glasses of Herschel, or Stmvei or South, have re<« 
ceived and focused them. 

4. But even the largest of self-luminous bodies might be 
utterly invisible, not from its distance, but from its density : — > 

The huge mass of our sun is little compared with its dimen- 
sions : — It has been remarked by La Place, the most famous of French 
astronomers,* that ** a luminous star qfthe same dentity at the earthy 
and whose diameter should be two hundred and fifty times larger than 
that of the sun, would not, in consequence qfite attraction, allow any 
of its rays to arrive at our eyes !*'t 



KEBTTLOSITT OF STARS. — ZODIACAL LIGHT. 

^ Some stars are marked on our celestial globes as ex- 
hibiting a hazy or nebulous appearance in tiie telescope 
(Pollux, of Gemini, and t of Orion, are of this description). 
Our own sun also is conjectured to be such an one ; for 
although the splendour of his di^, at his comparative near- 
iiess, is such as to overpower all other light when he is 
above the horizon, a pyramid of fikhy light, extending^ 
from him to a distance beyond the orbit of Venus, may 
sometimes be seen soon after sunset, in the fine evenings 
of April and May, or in the morning dawn of the weeks 
preceding November (the opposite portion of our year). 
This nebulous p3rramid or cone of light, which is more 
easily perceived in tropical countries, is now supposed to be 
revolving about the sun in a period somewhat differing from 
our year ; and to be thus seen, like Venus, sometimes in 
advance of us, or in that portion of the sky towards which 
ve are moving, and sometimes in our rear. 



* See Dr. Dick's Sidereal Heavens, p. 314. 

t We presume on the supposition of the materiality of light (S, p. 
186). 

X In the plane of his equator, and therefore inclined 7^° to our 
ecliptic (p. 240). 
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THE NOTBMBBR METEORS.^ 

About eighty yean ago a remarkable meteoric shower 
was witnessed at Quito— a still more remarkable phenome- 
non of this kind is noted as having occurred in the clear 
night of the 12th of November, 1770. (upwards of sixty years 
ago)^-on the morning of the 12th of November, in 1799 
also, near Cape Fk)rida, for several hours there was "a grand 
and awful display" of meteors, " as numerous as the stars," 
as if the whole hemisphere had been illuminated by sky- 
rockets descending towards the earth. 

On the morning of the 13th of November, 1831, meteo- 
ric showers were observed from the Ohio country and from 
along the coast of Spain. On the 1 3th of November, 183% 
from one o'clock until after day-light, there was " a burst- 
ing of meteors in every direction," at Mocha, on the Red 
Sea. In the years 1834, 1835, 1836, 1837, the night of 
the 13th of November has been distinguished by the saoie 
display. The remarkable recurrence of such a phenome- 
non may be considered as a proof that it is not accidental, 
and the subject is, at present, one of peculiar interest to phi- 
losophers and astronomers. 

' One thing most remarkable in these periodical displays, 
(at least in those which have been duly observed,) is, that 
every individual meteoric stream and star appeared i^ 
emanate from a particular portion of the sky, which did n(A 
change its place except with the general westward movement 
qf the heavens, 

1. Hence, the iiiTisible source of these meteoric streams could bo( 
have been merely suspended in our atmosphere ; since, if it had beeo. 
it must, like the atmosphere, have partaken of the eastward motion 
of the earth. 

2. Neither could it have been rcTolTing about the earth as s satel- 
lite, for in tiiat case also, it could not have so long retained its •pp*' 
rent place. 

3. Neither could it have been moving at a rate much less or mu^ 



• The pupil will find a full and very interesting account of these iv 
Dr. Dick's book just referred to, and from which the substsnceof oor 
detail on this portion of our subject is chiefly gathered. 
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greater, than the earth's rate of motion ; otherwise, during eight 
hours of observation, the earth moving as she does 540,000 miles in 
that time, would either have outstripped it, or fallen short of it. 

^ From positive observation on the parallax of this source 
of the meteors, its distance was judged to be about 2,238 
miles ; and hence it is inferred that this remarkable perio- 
dic display arises from the attraction of our planet on some 
of the nebulous matter of a neighbouring inferior planetary 
body, the parts of which are invisible in themselves, but in- 
flammable by contact with our atmosphere, or by the heat 
derived from its great compression as they rush through it, 
(1 of B, p. 175,) and thus visible by being consumed whilst 
traversing it on their way towards us ! 

1. Some of the attracted and consumed portions of this body must 
have been of great size, from their magnificent appearance when at 
a great distance ; their diameters, probably, at least exceeding a 
quarter of a mile. 

2. They must, too, have been of little density, since if their den- 
sity were considerable, from the rapidity of their flight, their momen- 
tum (G, p. 207) must have carried them partly unconsumed, to dash 
with violence upon the earth's surface. 

Putting such facts, and others, together, some of our 
best astronomers have opinions or conjectures somewhat 
diversified, but agreeing in their general character. 

^ M. Arago supposes that there are " myriads of bodies, 
composed probably of nebulous matter similar to the tails 
of comets, circulating around the sun, in a zone or ring that 
crosses the earth's orbit at that part in which she is about 
the 12th of November ;" and that some of these are drawn 
down by the earth's attraction, from a part oif space a little 
in advance of her, and falling towards her, take fire in our 
atmosphere in consequence of the rapidity of their motion ; 
and thus appear to emanate from a point towards which* 
the earth's orbitual motion is carrying us at that time. 

^ Professor Ohnsted of New Haven, (United States,) who 
has paid special attention to this subject for some years, at 
&8t considered that the nebulous matter surrounding the 

* If the pupil will look at the wooden horizon for 21^ tn., (the sun's 
place on the 13 th of November,) he may notice that the opposite sign 
and degree, in which toe are when we see the sun thus situated ( F, p. 
105), is three signs behind Zeo, the constellation in which the me* 
teoric shower appeared to originate. 
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sun, and which in some positions appears as the Zodia- 
cal light (p. 283), might have a very excentric revolution 
around him in a period of 1 82 days, (about half our year) ; 
and hence that the extreme parts of this nebulous body 
might be attracted into collision with our atmosphere, just 
when it attained its aphelion, very near us, on the 13di of 
November. He is still of opinion that these meteors are 
owing to the same nebulous matter in revolution ; but thut 
its period is only a little less than our year. 

Monsieur fiiot's opinion also is, that "the meteoiic 
showers are owing to the Zodiacal light coming into perio- 
dic contact with the atmosphere of ti^e earth."* 

*^* Some disturbing attraction may occasionally throw 
this body out of its course ; and thus, by retarding or ac- 
celerating its approach, cause an omission of this contact, or 
bring it in the day-time, when the effect may be invisible; 
or may even so change the elements of its orbit, (S, p. 257») 
as to occasion its absence from us for a number, of years. 

X The several accounts of the meteoric shower, visible especially io 
North America on the 13th of November, 1833, describe it varionsiy; 
bat all as having been truly magnificent and awful. For the two 
hours between four and six o'clock at New York, the meteors aft 
described as having been **a8 numerous as a thousand each minate " 
At Philadelphia one was heard to explode *' like a distant sky-rocketl" 
In the state of Mississippi, the largest of these shining bodies appeared 
'■ about the size of Jupiter or Venus when brightest." An acute oh- 
senrer describes the appearance of a star at the emanating poin^ 
*' less at first than the stars of the constellation by which it wu sur- 
rounded, but increasing until much larger than the stars, then totally 
disappeauing from ten to fifteen minutes, and then appearing t^ 
the meteors shooting forth in greater numbers in the interraL An 
account from North Carolina describes one of the meteors as "larg^ 
than the full moon t*' and at New Haven, either the sameoraaiiBi- 
lar body exploded in its fall, leaving a splendid train. 

On the same occasion, 13th of November, 1833, a gentleman id 
South Carolina was awaked by " shrieks of horror and cries tor 
mercy" from the negroes of the adjoining estates, who were terror- 
stricken at the <Usplay of the meteors, and imagined that the worn 
was on fire :—** Upwards of a hundred lay prostrate on the groawt 
some speechless and some uttering the bitterest cries, but most wp 
their hands raised, imploring God to save the world and them." 
I ■ — — — ' 

* Connexion of the PhyHeal Sciences, p. 428, 4th Ed. 
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Y The " shooting stars*' common on fine winter nights, or 
during the prevalence of dry easterly winds in summer time, 
have very much the appearance of real stars ; darting in 
straight lines obliquely downward, but sometimes horizon- 
tally, and leaving no train. Those of warm summer even- 
ings are, some of them, very brilliant, but have curvilinear 
motions. A third kind, of a bluish white colour, (generally 
seen in the intervals of showery weather, and often preced- 
ing high winds,) after being extinguished in their course, 
leave it marked, for some seconds, by trains which widen 
and become dissipated. Various hypotheses have been 
offered to explain these, some referring them to combustion 
in consequence of chemical action, and some to electricity. 

But meteoric stones, or aerolites, have frequently been 
found to have descended " from the bosoms of large lumin- 
ous meteors," in various regions of the globe ;. and from 
strict chemical research on stones having so fallen, at 
various times, in England, Italy, Germany, the East Indies, 
and other places, it has been ascertained that they are all 
compounded of the same chemical principles, and nearly in 
the same proportions ! " At whatever period, or in what- 
ever part of the world, they may have fallen, these stones 
have appeared, as far as they have been examined, to con- 
sist of the same substances, and to have nothing similar to 
them, not only among the minerals in the neighbourhood of 
the places where they were found, but among all that have 
hitherto been discovered in our earth." — Dr. Ure, Chem. 
Diet, p. 618. (The pupil may see some large and very 
interesting fragments from some of these bodies, at the end 
of the saloon appropriated to geological specimens, in the 
British Museum.) 

^ " Minute bodies may be revolving,* like the new planets, 

* It has even been given as the opinion of some philosophers, that 
these fidling meteoric bodies may be the minuter fragments of that 
very pUmet, once revolving as a whole, but now burst into parts, the 
largest of the parts of which are circling as the Asteroids ; and that the 
smaller fragments are thus occasionally precipitated upon Mars, or 
Jupiter, or the Earthy according as, in wandering through space, those 
Tragments may come within the spheres of the several attractions of 
these planets. 
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(see L, p. 270,) which are eo small that their masses may 
be inappreciable, and there may be many still smaller. 
Nor is this an unwarrantable presumption ; many such do 
come within the sphere of the earth's attraction, are igni- 
ted by the velocity with which they pass through the at- 
mosphere, and are precipitated with great violence on the 
earth. The fall of meteoric stones is much more frequent 
than is generally believed ; hardly a year passes wi&out 
some instances occurring ; and if it be considered that only 
a small part of the earth is inhabited, it may be presumed 
that numbers fall into the ocean, or on the uninhabited 
land, unseen by man. They are sometimes of great mag- 
nitude; the volume of several has exceeded that of the 
planet Ceres, ♦ * * Que which passed within 
25 miles of us, was estimated, to weigh about 600,000 
tons, and to move with a velocity of abeiut 20 miles per 
second — a fragment of it alone reached the earth." — Mrs. 
Samerville, 

^^ Others have conjectured that these meteoric bodies have 
their origin in the volcanoes, which are thought to have 
been perceived, on the surface of the moon. It is calcu- 
lated that, if the eruptive force of such a volcano were 
equal to projecting a body from its crater at the rate of 
nearly 11,000 feet per second, such a body would, neces- 
sarily, be carried beyond the attraction of the moon's mass ; 
and instead of falling back again upon her, would come 
within the earth's control ; and although perhaps retain- 
ing, by inertia, the orbitual direction of the moon, (3, p. 
212,) and therefore continuing for some time to circle about 
us as a satellite, might ultimately be disturbed by the at- 
traction of the sun, fall down into our atmosphere, and 
thus arrive in a frised or heated state, at the earth's sui&ce' 
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SECTION III. 

&BLATINO TO THB TBADB WINDS, THB MOOK's NODBS^ 
BCLIP8BS, THB TIDB8, THB PRBCBS8I0N OF THB BQUI- 
NOXBS, ETC. 



THE WINDS— TRADE WINDS, ETC. 

^ The heat of the sun, in producing partial expansion 
and buoyancy in the atmosphere, is the originating cause 
of the currents which we csJl winds. 

« 

The velocity and, consequently, the momentum or force of the 
^ds, Tary between limits considerably extended. 

A gentle pleasant wind Taries from . 4 miles to 10 miles per hour. 
A brisk gale .... 15 miles to 30 miles „ 
A storm « .... 40 miles to 60 miles „ 
A violent tempest ... 60 miles to 70 miles „ 
A hnrricwie (destructive of build- > g^ ^j^^ ^^ ^qq ^^^^ 

uigs and gigantic trees) ) 

*** The force of wind within the limits given above, as estimated 
by the pressure it exerts against a square foot of surface placed per- 
pendicularly to its course, varies from an ounce to nearly 50 pounds. 

^ If our globe were to cease rotating, and one spot only 
^ere exposed to the vertical sun, the air would be con- 
stantly rising fix)m that spot like the smoke from the chim- 
ney of a furnace, and the atmosphere from all parts around 
^ould be, as constantly, in motion towards that spot, to 
supply its deficiency. 

2 c 
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As the earth is taming roimd, and there is thus a belt 
of such heated parts, and a belt of atmosphere ascending 
from them; — only with less activity than in the case just 
supposed, because the sun's heat is not, as in that case, 
concentrated ; — towards this heated belt, currents set in 
from the hemispheres north and south of it, to pour an in- 
cessant supply of cooler and heayier air. 

^ But, as the calm atmosphere of any latitude has the 
actual motion only of that latitude, no part of any one of 
these supplying currents has, for some time, so much west- 
ward motion as the lower latitudes of the rotating surface 
over which it has to pass ; it therefore lags on the surface, 
and appears to the inhabitants of the latitude it may be 
crossing, to have lost all its fellow tendency from the west, 
as they outstrip it and are thus carried against it towards 
the east. 

The Tery unequal dlBtribution of land on the surface of our globe- 
the yariouB nature of the land surface itself, as more or less adapted 
to the reception and communication of heat, (R and S, p. 173,)'aBd 
other local circumstances, interfere much, at all seasons, with the re- 
gularity and direction of winds, eyen in the Torrid Zone. In our 
own country, and those similarly circumstanced in the Temperate 
Zones, the winds are proverbially inconstant ; although from the 
same cause of differing velocity in the latitudes north and sooth of 
us, from which they come, < our N. wind is a N.E. one, and oorS. 
wind a S.W. one ; and these winds blow in England 300 days in the 
year. 

^ In the expanse of the vast Pacific and the Atlantic, at 
considerable distances from land, the winds arising ftom^ 
influence of the vertical sun prevail almost uninterruptedly 
as the well-known N.E. and S.E. Trade- Winds. 
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PROBLEM A. 

TBRBBSTBIAL GLOBE. 

To find the result of the transference of a portion of the 
Atmosphere into a higher or lower Latitude. 

Admonitory questions. 

a What is the meaning of Inertia ? D, p. 207. 

6 What is the meaning of Velocity ? F, p. 207. 

c If the Earth were to leave off rotating for an instant, would the 
sea and the atmosphere immediately stop their eastward course ? 6 
and? of page 212. 

d Of places in lat. 60 and lat. 41 , which have the greater actual 
Telocity (although affected with the same angular motion) ; and in 
what ratio do their velocities differ ? M, on p. 226. 

e What effect has a heated body when applied to the lower por- 
tions of a fluid ? y, and 4 of V, p. 174. 

f Is the transparent atmosphere, affected with currents hy the sun« 
beams as they pass through it to the earth's surface ? Y, p. 175. 

ff With what motion, as well as vertical motion, is the atmosphere 
affected whilst ascending from the Earth, at the Equator (or in any 
latitude,) in consequence of heat ? 3, 4, and 5, of p. 212. 



KuLB. — (When the difference of velocity is required.) 
Find (by Rule to Prob. XVIII., p. 101,) the velocities per 
minute of the two places proposed : — the difference between 
these two velocities will be the excess or deficiency of east- 
ward velocity in the atmosphere, supposed to be suddenly 
transferred. If the difference be an excess, the wind will 
be westerly ; if it be a deficiency, the wind will be easterly. 



1. If the inhabitants "under theUne" are becalmed, at 
what rate per minute is their atmosphere moving by the 
earth's rotation on its axis ? 

2, If the atmosphere at Quito, or the north of Celebes, 
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were actually moving 15§ geographical miles per mmnte, 
what wind would the inhabitants of those places experience? 

3. What if, at these places, the atmosphere were moTiog 
only 14§ geographical miles per minute ? 

4. If the iniiabitants of Havannah, or other places in its 
latitude, are becalmed, at what rate are they and their at- 
mosphere moTing ? 

5. If the calm atmosphere of the Equator could suddenly 
be transferred (without losing its velocity and tendency) 
to the latitude of Havannah, what wind would they have, 
and of what strength as explained by its rate per hour? 
(See p. 289.) 

6. What, if the calm atmosphere of Havannah, or its 
latitude, were transferred to die Equator, would be the 
wind experienced there ? 

7. What is the characteristic of that current which, to 
supply the place of the air raised from the Equatorial re- 
gions, (as described p. 289,) constantly flows towards then 
between the latitudes 30'' N. and 30'' S. ? (II. and III. of 
16, p. 68.) 

•^« <* The advance of the air fix>m the north and south is gradulf 
and all the while the earth ia continually acting on, and by the friction 
of ita surface accelerating its rotatory Telocity." * * 

" It follows from this, then, that as tiie winds on both sides approach' 
the Equator, their easterly* tendency must diminish.' '—^rJ.Jircr'- 
ehtl, p. 130. 

8. (Hve the characteristic of the trade winds, as noticed 
by a voyager in passing from Europe through the two 
Zones, each of 30°, throughout which they prevail ? (IV- 
and VI. of 16, pp. 68 and 69). 



^ The air raised from the belt of the earth's surfiEu:e passing 
under the tropical sun, " flows over** and spreads itself 
northward and southward, retaining, throughout this north- 
ward or southward course, much of the superior eastward 
velocity of the equatorial regions, but constantly losing some 



• Because their easterly origin is apparent only, and owing to their 
deficiency of rotatory motion. 
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of it* by friction against the more tardy strata of air \7hich 
it is crossing above. It is at length " sucked down," and 
descends beyond latitude 30° ;t and its eastward velocity 
being still superior, it there outstrips the surface, and shews 
itself as a westerly wind almost as regular as the easterly 
winds of the Tropics which its rising caused. 

1. It has been proposed to carry the Nassau balloon to the United 
States, and to commit the aeronaut, well stored with provisions, to 
this constant current for his return to the European shores. 

2. A Tessel bound for Van Dieman's land, after sailing down near 
America, across the S.E. trades into a latitude south of the Cape of 
Good Hope, may often find a wind " right aft" for the whole remain- 
der of her voyage eastward. 

9. Which (from a consideration of the above) will be 
the shorter voyage, — from New York to Liverpool, or from 
Lfiverpool to New York ? 

10. Can a vessel, " homeward bound," sail directly east- 
ward from the West India Islands ? 

1 1 . What course would you contrive, in coming to Eng- 
land from Jamaica ? 

12. Devise the "best course," under circumstances, for 
a vessel sailing from Europe to Barbadoes ? 

13. How might a vessel, bound for Van Dieman's Land, 
proceed, after arriving from Europe into that part of the 
Atlantic which is between Buenos Ayres and the Cape of 
Good Hope } (see 2 of p. 293.) 



• • 



«* The pupil will understand that, as on the large scale already 

* The course of the hurricanes of tropical climates, is generally in 
opposition to the regular trade-wind ; and it is probable they arise 
firom portions of this upper current being " prematurely diverted 
downward ;" i.e., whilst yet its eastward motion is very great com« 
pared with that of the surface below. 

The ashes thrown up to a very great height from the volcano of St. 
Vincent, in 1812, were carried by this upper current in a direction 
contrary to the apparent motion of the trade- wind, and passing over 
Barbadoes, 100 miles distant, like a dense cloud, partly fell on that 
island ; and even fell thickly on the deck of a vessel 500 miles to the 
east. 

± Rather somewhat farther north than this. In the Pacific beyond 
40° N. and S. for ten months in the year, the wind blows constantly 
from the west, and the time of arrival of vessels from the east to 
America, may be calculated almost as accurately as the time of the ar- 
rival of a mail«coach. 

2c2 
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dflieribed, so in general, — nortb of the Equator tme north winds ap- 
pear to be north-east winds, and tme south winds south-west ones: 
south of the Equator, on the contrary, but from the same came, true 
north winds appear north-west winds, and tme south winds south* 
east ones. 

1 3. What would be the consequence, as it regards their 
velocity and direction, if it were permitted that bodies of 
air, calm, (t. e., moving at the same rate and in the same 
direction, with the places in which they are situated,) could 
be instantaneously transferred to us in Greenwich from the 
latitude of Madrid ? — ^from that of Bergen or the Shetland 
Isles ? — ^from the Equator ? 

14. Does "the churlish chiding of the wintry (east) 
wind/' arise from its rushing against us, or from our run- 
ning against it ? 

15. A wind prevails on the Peak of Teneriffe, therevene 
of that blowing on the seas at its base : — ^what wind is this, 
and whence has it its origin ? 

16. What do you conceive to be the origin of the 
south-west and westerly gales so prevalent in our latitudes? 



Influence of Varieties of Surface. 

" The nature, as well as the distribution, of theland-sor- 
face, has been alluded to as exercising an indirect but im- 
portant influence upon the character and tendency of the 
wiuds. It has also been mentioned, that it is only in ^ 
Grreat Pacific that there is the absence of such interference 
with the grand scale of those currents which arise from the 
united effects of the sun's heat and the globe's rotation. 

" In the nicely balanced state of the forces" thus pw* 
ducing the great atmospheric currents, " slight irregulan' 
ties of temperature are capable of causing great distoih- 
ances ; and expansions and contractions, acting unequallj 
upon the antagonist currents, operate by deranging the 
adjustment of their several velocities. Hence accumula- 
tions {of velocity) in some parts, and corresponding defi- 
ciencies in others, necessarily arise.*'* 

• Dr. Prottt's Bridgewater Treaiise, p. 281. 
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If the small sorfaoe of <mr islands were uniform, instead of being, 
as it is, thoroughly diversified, our winds would, probably, be of a 
more determine or periodical character. But even the bolder fea- 
tures of the neighbouring continent are comparatively of trifling pro- 
minence and extent, and therefore of feeble influence compared with 
that exercised in other parts of the globe. 



^ The snowy ridges of mountain chains have considerable 
power in cooling the currents which are driving over them; 
precipitating the moisture they bring (2 of G, p. 179,) on 
one side, and transmitting them in coldness and density 
along their declivities on the other. 

The Andes draw down torrents from the trade-wind as it ascends 
them on the east ; whilst the confined regions along the west of them 
are generally dry. At Lima, rain is scarcely known. A December 
journey of four hours in Peru, conducts the traveller up the Andes 
from summer to winter. 

""Vegetation itself exercises an important influence. Forests 
not only prevent the access of the sun's heat to the ground, 
and thus hinder the air from being heated by it, but they 
cool the air by evaporation from the surface of every leaf ! 
The grassy clothing of the earth itself cools the air, " ab- 
sorbing more caloric than it gives out.'' Even in the 
meadows and heaths of England, the absorption of heat* 
by the grass is sufficient to cause the temperature to sink 
to the point of congelation during the night, for ten months 
in the year.^f 

1. The graminiferous plains of South America, cover an extent 
ten timet greater than that of the kingdom of France ; and the forests^ 

* From the atmosphere. 

i* Mrs. Somerville, p. 285. 

X In Guiana, within 5° of the line, the inhabitants, living amid im- 
mense forests, a century ago were obliged to alleviate the severity of 
the cold by evening fires. *' Even the duration of the rainy season has 
been shortened by the clearing of the country ; and the warmth is so 
increased, that a fire now would be deemed an annoyance. It thun- 
ders continually in the woods, rarely in the cultivated parts." — Dr. 
Ure, The climates of European countries are now much less severe 
than in ancient times, before the removal of forests and the extension 
of cultivation. Caesar says that the winter's cold of Gaul prevented 
the cultivation of the vine. The barbarians who overran the Roman 
empire, transported their baggage- wagons ^Maross the ice of the Rhine 
and the Danube, 
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of the Amtsons and Oroonoko, occupy an area of more thu 
*2(K),000 square leaf^ues. 

2. On the coast of Brazil, from September till March, there is t 
constant wind, like the trade wind of the northern belt, from theN.E^ 
instead of that from the S.E., which belong to its latitude. 

^ The pupil may easily conceive how important an agency 
must exist in the sandy deserts of our globe, exposed » 
they are to the full action of the solar heat. 

1 . The deserts of Arabia f onn the principal feature of that \b^ 
peninsula. Of three deserts in Persia, the length of one is 400 win, 
and of another 350 miles ; and deserts extend, with the partial inter. 
mptions of riTcrs and mountains, throughout Asia to the nor^ 
confines of China. 

But the Asiatic deserts are far surpassed by the Sahara of Afiria. 
which, with Tcry few interruptions, contains an area of between t«o 
and three thousand miles in length, and seven hundred miles broad 

2. Near the African coast, the winds, in general, tend toward the 
coast. It is the humidity thus brought from the sea on all sides, thit 
keeps the countries bordering the desert in a state of yegetation. Of 
tiie Grain coast, there is a considerable space where ** almost con- 
tinual calms are found, attended with thunder and lightning ; aw 
the rains are so frequent and heavy, that the space has acquired dv 
name of " the Rains.** — Riddle* a Navigation. 

3. ** It is doubtful whether, if it were not for this same desert, (the 
African.) the crops in England would come to maturity *, andwbethff 
our fidds would not be ice-bound in winter, and parched and barren 
in summer. The south west winds which blow over us, if not alwip 
at the surface of the ground, during the greater part of the year, and 
which bring us the rains of spring and summer, and warmth generil]j> 
are put in motion by the trade- wind on the Atlantic, and there is tf 
question that the African desert has considerable influence upon tUt 
wind." — Profe9$or Moteley. 



MONSOONS. 297 



MONSOONS. 

Periodical winds distinguish the less open seas within 
the tropics : — whilst the S.£. trade-wind blows in the 
middle of the Indian Ocean pretty constantly, the Arabian 
Sea, the Bay of Bengal, the Chinese Sea, and the other 
confines of the Indian Ocean to the east and west, have 
land and sea breezes each of six months' duration, arising 
from the seasonal effect of the sun's heat. 



PROBLEM B. 



TEREBSTBIAL GLOBB. 



To find the result of the transfer of a portion of the At- 
mosphere into a higher or lower latitude. 

Admonitory Questions. 

a What is the characteristic of the north Trade-wind belt, and 
^v^henceis this characteristic acquired ? (p. 290.) 

b What id the characteristic of the soutii trade-wind belt ? (p. 290.) 

c Of the Pacific and Atlantic, which has the less interrupted trade* 
mnds, and why ? 

d How does vegetation generally, and especially extension of forest, 
affect the state of the air ? (p. 295.) 

e What do yon judge to be the influence of a state of surface th« 
reTerse of this, or the state of interior Africa, Arabia, and central 
Asia? 



RuLB. — (Where the diflFerence of velocity is required,) 
Frob. XVIII. p. 101, as before. 



1. How much slower per minute a the northernmost 
boundary of Thibet carried by the earth's rotation, than 
the equatorial parts of the earth are ? 

2. What is the difference between the velocity of Bom- 
bay or its latitude, and that of the Island of Zanzibar, (east 
:*oa8t of Africa,) or its latitude ? 
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3. What is the difference of velocity of Canton and 
Bencoolen ? 

4. What is the difference of velocity of Bencoolen and 
Swan River (New Holland) ? 

5. What is the difference of velocity of Cape Ambro (N. 
Madagascar) and Delhi ? 

6. What is the difference of velocity of Sandy Point 
(New Holland) and Cape Comorin ? 

%* *' Mtmtoon** is a Malay word, signifying *' a season.*' Before 
the inyention of the compass, the Indian sailor committed his Tessd 
to the guidance, as well as to the force, of the Monsoon wind, and 
filled up his year with one Toyage outward and one voyage homewiid. 

7. During which half of the year are Persia, ICndostan, 
China, and the deserts of interior Asia, under the 
influence of the more direct beams of the sun ? 

8. If the air over these countries, becoming heated 
expanded, ascend, what will be the consequence to the at- 
mosphere of the seas to the south of them ; and espedaHy 
of that in the neighbourhood of the comparatively coM 
mountainous extent of the south-east African coast? 

9. What will be the characteristic of the atmospbercso 
on its way to supply the Asiatic regions referred to, these 
Asiatic regions having less velocity ? 

10. During which half of the year is the influence of the 
more direct beams of the sun removed from Persia, Hindo* 
Stan, China, &c. ? 

11. What, besides northern, will be the characteristif 
of the atmosphere of these regions of less velocity, if, thns 
becoming cooler and heavier than that of the southern re- 
gions, it flows down to supply them ? 

12. During which half of the year is the middle of New 
Holland rendered warmer than the regions north of it ? 

13. Give the characteristic of that six months' inflnxrf 
atmosphere from the equatorial parts, which obtains offtiK 
western coast of this huge island, where the velocity k 
less than that of the regions from which the cnirenti^ 
coming ? 

14. What is the characteristic of the current wW 
from April to September, flows from the cooled regions of 
New Holland, toward the wanner equatorial regions ? 
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THE MOON, 



▲SHTAROTH OR ASTARTB, " QTJBBN OP BEAVEX, DIAKA, 
CTNTHIA, VENUS, URANIA, LUNA, HECATE, 

^ Is the satellite of the earth, and performs her revolution 
around us at an average distance of 237,360 miles, her 
elliptic path having an excentricity of 12,985 miles, and 
an average inclination to our plane of 5° 9'. Her eastward 
progress is readily perceived if we note her bearing with 
regard to a neighbouring star, since she passes, each hour, 
through a portion of our sky equal to her own apparent 
diameter, whilst partaking with the star in the apparent 
ivestward motion of the heavens. 

B The Periodic month, or time of exact revolution of the moon, as 

noted by the interval between her leaving a fixed star and returning 

to it, is 27 days, 7 hours, 43 minutes, 1 l-fg seconds; but the time of 

her Synodic revolution, or the interval between her leaving the sun 

and returning to him again, and during which she completes a lunO' 

Hon by passing through her phases, is considerably longer than this, 

or 29 days, 12 hours, 44 minutes, 2-f^ seconds, because of the sun's 

'* place" amongst the stars having meanwhile changed in the same 

direction. 

** The diameter of the moon is a little more than one fourth 
of that of the earth : hence, from the moon, our globe has 
an apparent diameter of nearly four times that which she 
presents to us, and exhibits a disk thirteen times as great. 
The moon has a very small atmosphere : — connected with 
this fact, the constant clearness of her disk is considered as 
alone proving that no water exists on her surface ; since, 
if there were water there, it must, at least partly, arise in 
vapour and thus render her partially obscure. It was 
formerly thought that the level or darker parts of her sur- 
face were extensive seas, and these parts still retain the 
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names which thus described them ; bat thdr appearaoce 
in good telescopes *' is incompatible with the suppodtion 
of deep water." 

Q "nie mountains and recesses of the moon's smfece ban 
been referred to in F on p. 10, — ^B on p. 15, — and 5 on p. 
103. Grerman astronomers have produced a map of her 
surfiebce, three feet in diameter, which is considered to be 
" vastly more accurate than any existing map of our ovn 
globe." Her mountains, (which occupy by Dsur the larger 
portion of that hemisphere which is constantly turned to- 
wards the earth,) in very numerous instances present die 
remarkable character of the jagged edges of volcanic cxateis, 
with the " chimneys," or more recent prodacts of emptioB, 
standing within them. The shadows cast by the peaks aod 
general outlines of these elevations are, in many cases, u 
well defined as those of the turrets of our buildings in hn^ 
sunshine. 

^ Little as the moon*s distance is compared with that d 
any other heavenly body, she is yet so distant that do 
change of her surfiaLoe, such as that produced on theeartii'^ 
by cultivation or building, can be discernible in the mo^ 
powerful telescope: a circular area containing a sqniR 
mile of her surface, being perceptible only as a spe^^ 
one second of a degree in diameter. Shroeter estioiated 
the elevation of some of the insulated lunar mountsuss it 
about five miles, or nearly the same height as the loftiest o^ 
the Himalayan mountains. Her hollows must, someot 
them, be nearly forty miles across, and four miles deep ! 



' A small telescope will shew that the moon is globular :- 
In one of greater power, the foreshortening of the maigflf 
of those of her numerous caverns and mountain rings wfait^ 
are on the more distant parts of the hemisphere presentK 
towards us, is very discernible ; and, when examined «^ 
a very high power, such parts even require a different »• 
justment of the telescope, like as when we direct it 6a> 
nearer to more distant objects on the earth. 

If the pupil, thus satisfied of her globular fonn, ^ 
notice the moon on the next seventh night of her age, vh» 
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she will he half full ; and, whilst viewing her, will take into 
consideration that she is shining only hy reflection of the 
sunbeams, he may be prepared to allow,^-^ 

1. That, as he is viewing only a quarter of her surface thus en- 
lightened, and the sun enlightens half Of every globe exposed to his 
beams, there must be another enlightened qnarter-surfiice around her 
margin on hit right ; this right-hand margin or semidrcumferenoe 
being, in fact, the meridian that is having noon on that oceation ; 
and the middle point of it the spot exposed to the sun^s vertical rays. 

2. That the straight-lined left-hand boundary of her half-disk is, 
in fact, the western edge of her terminator (see cut on p. 75) ; a 
curve coinciding with her semicircumference as much as that on our 
right, but appearing at this time like a straight line, only because it 
extends over those parts of her surface that are in the same plane 
with us, as a hoop appears to be a straight line to the boy who is 
trundling it. 

*«* On the 6th, or previous, night, this terminator was extended 
over parts of the moon's surfkce to the west of our earth's centre ; 
and viewed thus obliquely, it appeared curved in towards our right 
hand, and we called the moon a crescent. On the 8th, or next suc- 
ceeding night, this terminator will be extended over parts of her sur- 
face lying to the left or east, and we shall call her gibbous. 

3. -That, since the mutual distance of the earth and moon is very 
little compared with the distance of either of them from the sun, (8 of 
B, p. 194,) he may be considered as, at any time, occupying the same 
position with regard to both of them ; and therefore, as shining upon 
them almost as if they were together, 

4. That, since there is always a hemisphere of the moon enlightened, 
and the other side of her (if it could at any time be viewed^ , would be 
found to be exhibiting an enlightened portion of disk, just equal to the 
deficiency of disk which she is presenting to us ; so, at any time, our 
earth's phase to the moon must be that which answers to this deficiency, 
since the moon's inhabitants (if she have any,) are viewing that side 
of our planet which corresponds to the moon's hidden or farther side. 

5. That if hollows and eminences crowd the brighter parts of the 
moon*s surface, their shadows must be long in proportion to their 
nearness to the terminator (at present our left-hand straight line,) 
because there the sun is in the horison of the inhabitants. (5 on p. 
1 93.) [The brokenness of light perceptible there, even by the naked 
eye, is occasioned by real unevenness of surface, her mountain-tops 
catching the sunbeams earlier than the valleys intervening.] 

♦»♦ If we rise very early in the morning, or sit up late, fourteen days 
after this, to view the moon when ** twenty-one cUiys old," or begin- 
ning her " last quarter," we shall find her in the midst of stars oppo- 
site to those amongst which we before observed her, and we shall see 
that the parts which were rising into the sun- beams on her seventh 
night, are then setting out of them, after a day of nearly 330 hours ; 
a point in the middle of the left-hand half-disk (and therefore the 

2 D 
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antipodes of the point formerij noticed on the rif^t,) being that wUd 
thuB, fooiteen days afterwards is receiving the yertical simbeam. 

^ We may make use of those'doady specks on the moon's 
disk, which almost every body fonns into a comitenance, 
to fix the pupil's attention to the fact, that although her 
BurfiBce is retdly rotating towards our right, like the son's 
as shewn on p. 340, or like the earth's if viewed under 
similar circumstances; and thus, some portion of tiiis 
f countenance*' is constantly creeping across the left-hand 
line or terminator into sun-light ; yet her " feataxes" do 
not pass over her disk and disappear like the spots oa the 
sun : — Thi8 arises from the exact correspondence ofhertmt 
of rotation, to her time oforbitual revolution. — If the moon 
were fixed, like the star of a constellation, the spots of her 
right-hand edge or " limb," would be continually passing 
behind her ; but just so fast as they are moved by her rota- 
tion toward our right, she moves toward our left in her 
orbit, and thus enables us to keep our view of them. 



^ It will be useful to endeavour to infer (or reconcile) the 
following, after reading what has been stated of the pecu- 
liar motions of the moon. 

1 . Since, in consequence of the correspondence of the 
time of the moon's orbitual revolution with her time of ro- 
tation, we always have the same part of her surface directed 
to the centre of the earth : — 

a Oar planet with its phases (4 p. 301) most be constantly verticil 
to that part of her surface : — It mnst be stationary as it regards its 
altitude and bearing, when viewed from any point on her sniface ; hot 
low in the east, west, north, or sonth, according as that point froo 
which the earth is viewed is distant to the west, east, sonth, or ncrts 
of where it is vertical (Prob. vii. p. 80) :— It is constantly in tin 
horizon of those who occupy those parts of her surfi&ce which are seen 
by us to be at the edge of her disk ; and for ever hidden from her 
farther side. 

2. Since ^<& moon is revolving around us with an as- 

gular velocity of 13° per twenty-four hours, whilst oar 

planet thus appears stationary as regards its beanng ^ 

altitude in her sky : — 

b The stars opposite to those over which she appears to be passin? 
to us, must (when our light and theirs is not overpowered by ttcp**' 
sence of the sunbeams) appear to be passing behind us (F, p. 105). 
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3. Although our atmosphere must» at least, give our 
planet a belted appearance,* and more or less obscure the 
outlines of our contments and seas, the mapping of our 
globe's surface is probably evident enough from the moon 
to be a means of exactly marking our dafly rotation. But, 
since the moon's revolution about us is in the same direc- 
tion as our rotation, and she thus partly accompanies our 
surface eastward : — 

e The time of our rotation, as noted by inhabitants of the moon, will 
not appear to be 2dh. 56m. 4sec., bnt nearly 25 honrs ; just as the 
sun's rotation, marked by his spots, appears, when viewed from the 
cuth, to take place in 27 days instead of 25 days, because we are 
moving around him in the same direction (see 4t of p, 241 1 and, 
««w dff. 88;. 



^ It has been stated (a p. 302) that in consequence of the 
correspondence in period of the moon's rotation and or- 
bitual revolution, one-half of her surface has never been 
viewed by the earth's inhabitants : — ^This would have been 
strictly true if her orbit had been circular, and her velocity 
of revolution, therefore, such as it is on an average : but 
the only equable motion of the moon is that about her own 
axis ; for her path being an ellipse of considerable excen- 
tricity, her orbitual motion is accelerated when she is near 
her perigee^ and retarded when she is near her apogee. 
Hence, whilst she is equably rotating, — 

dVft see a tittle around her right, or west limb, when her orbitual 
motioQ is faster, and a little around her left, or east limb, when her 
motion Is slower than her average rate ; the average rate alone ac- 
cording with her rate of rotation. This occasional appearance of a 
few d^rees around her east or west limb> is called her " Ubration in 
iongitude." 

[%* Her axis, also, not being perpendicular to the plane of her 
orbit, we alternately see a tittle over her north pole, and a tittle under 
her south pole ; and this is termed her '' Ubration in latitude.^^'] 

Hence, too, there are certain parts of the moon besides one 
hemisphere, to which the earth sometimes appears. 



* See " Earth," p. 263, 



304 



MOnOK OV SOBB6. 



MOTION OF THK MOON g VODXS, AND OTHKB DIfiTUBIUNCBS 

OV BXa OABtTUAI* MOTION. 
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The pniuA will recognize the table as r^reseatiiig Uie plane of tbe 
earth's oAit ; and the button of the te-to-tnm as shewing the in- 
clined plane of her equator. We have marked out (as before, on 
page 108), the ecliptic line on parts of the wall in the samepiane 
with the taUe ; bat the equinoctial is not inserted, for liear of its bdif 
confounded with the pUme of the moon's orbit, the inc]iiDatio& ^ 
which is necessarily very extravagant. 

*^ We must bear in mind that the moon's path (represented vitii 
exaggerated inclination by the little beaded ellipse above and belor 
the table) is four hundred times as near to us as the son (S) ; ^ 
hence, as delineated on the distant wall (or sky), the moon's dak 
and the sun's disk would be nearly equal (Q, p. 138). The lines join- 
ing the te-to-tum (or earth) to the little circles, or headings, are ex- 
tended to the waU, and point to those phases, or appearances of ^ 
moon in the sky, which result from her several daily positions witli 
respect to the sun and earth. 

^ We have to refer particularly to the moon's nodes^tkt 
point in her orbit at which she comes above the ecliptic 
plane (or table), as A N or m n ; and that at which, after 
performing half her course, she descends below that-plao^' 
as M, &c. 

When at A N, and therefore ascending northward, the 
moon, as seen from the earth (our te-to-tum), is crosang 
the ecliptic (on the wall) at a point diametrical to D N, aa^ 
therefore behind us as we view the diagram. It is evident 
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tliat, at such an instant, the principal disturbing effect of 
an attraction exerted from S (the sun), must be that of an 
acceleration of her progress. But as she proceeds, in con* 
sequence of her inertia and the attraction of the nearer 
«arth, to fulfil her coimse above, the effect of S's attraction 
is also to drag her downward towards him and the table 
plane, thus rendering the angle or inclination of the plane 
of her path less than that of the continuous line which re- 
presents what her path would otherwise be ; and she pro- 
ceeds towards m, along the dotted line, into the situations 
marked by the little disks. 

Having arrived at m, and begun to pass that point, one 
of the disturbing effects of S is evidently that of retarding 
lier ; but this is not all, for his attraction also bends her 
oourse into one of greater inclination, and compels her so 
to anticipate her crossing the plane that she goes below it 
at a point somewhat to the west, or right of that diame- 
trical to A N (at which she came above it) ; and thus, in- 
stead of being seen to cross the ecliptic at D N, she ap- 
pears 9.tduto form her node. She is similarly accelerated, 
retarded, and perverted, during the fortnight of her being 
south of our plane (or below the table) ; and thus comes up 
again, not at A N as before, nor even at the point diame- 
trical to d n, but at a point opposite to one a little farther 
atiU to the right or west of it. 

^ To avoid complexity, the earth's motion during the lu- 
nation has been disregarded, and that relative position of 
the sun alone considered which is at right angles to the 
moon's node. The moon's nodes, as exhibited thus (on 
our left), are said to be in qtiadrature; that is, she is cross- 
ing our plane when a hal/'moon: under these circum- 
stances she is so disturbed as to have her node rapidly re* 
gressing, or fedling back in an order contrary to that of the 
signs of the zodiac. But it is evident that, as the earth 
revolves accompanied by the moon, the sun will be, rela- 
tively, in very different positions. It wiU, for instance, 
happen (as on the right) that the line of the moon's nodes 
pass through the sun, or coincide with what is called the 
line of syzygy : whilst this is the case the node is under- 
going no change. In other parts of our yearly revolution, 
as her nodes are variously presented towards the siin, she 
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is variously affected in different portions of her numtUy 
path ; but the average result of each month's distiprbiiig 
attraction of the sun is a retreat of these nodal points of 
about one degree and a half. 

' " The actual amount of this retreat of the moon's node 
is about 3' 10"^,%^ per diem* on an average ; and in a 
period of 6793 -^i^ mean solar days, or about 18 -^ years, 
the ascending node is carried round in a direction coatiaiy 
to the moon's motion in its orbit, over a whde ciicum* 
ference of the ecliptic. Of course, in the middle of tbu 
period the position of the orbit must have been piedsely 
reversed from what it was in the beginning. Its aj^parent 
path, then, will be among totally different stars and con- 
stellations at different parts of this period ; and this kind 
of spiral revolution being constantly kept up, it will, at one 
time or other, cover with its disk every point of the hea- 
vens within that limit of latitude or distance ixom the 
ecliptic which its inclination permits (p. ^99) ; thsit i? to 
say, a belt or zone of the heavens of 10° 18' in bfouith. 
having the ecliptic for its middle line." — Sir J, JJenM, 
p. 217. 



^ We must keep in mind tjbat it is the inequality "f of the 
attractions of the earth and sun upon the moon, that is tbe 
cause of her perturbations. The moon is differently af- 
fected when in conjunction (as at m) than when, Afortoig^t 
afterward, she is in opposition, or on the otherv side of the 
earth ; for not only, in the. former. case, is she nearer to the 
sun than the earth is by 240,000 miles,, and. in the latter 
case, more distant than the earth by the same qoantitr; 
but the earth's attraction thus alternately oombines vitli 
the sun's and opposes it. The moon's monthly* orbit itself 
having an excentricity of rather more than.-^, .she is, from 

* When the moon's node is given (as it is in the£ptemens on 
our page 61, for every sixth day), it must be understood to^e ^ 
ascending node of her instantaneous ellipse ; that is, such a degree 
and minute of the ecliptic line as would be cut by an ellipse tr^ 
corresponds to the tendency of that portion of her disturbed p«^ 
which she is then pursuing. 

t See the first lines of p. 257. 
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this circumstance too, alternately more and less affected by 
the earth's influence. 

^ But the excentxicity of the earth's orbit also affects the 
orbit of the moon. Whe^ we are nearer to him, or ap- 
proach our perihelion, her orbit is enlarged by the sun's 
increased attraction, and she moves the slower : — whilst we 
recede towards our aphelion, her orbit contracts, because 
the earth's control over her is less disputed, and she moves 
the faster, as a counterbalance to her increased .gravity to- 
wards us. (D, p. 233, and G, p. 234.) 

° The irregularities, or inequalities, arising from such cir- 
cumstances as the foregoing, are all estimated by astronomers : 
they are all compensated in short times, and ^e therefore 
called periodical* (W, p. 258). But there is a secular ine- 
quality of the moon, which is of great chronological interest : — 

Eclipses can take place only when the new or full 
moon is at, or very near to, her node. There would, 
for instance, be a solar eclipse, that is, the pooon's dark 
body would be seen partly or wholly upon the sun, if she 
vrere crossing our plane, or nearly crossing it, as at M (see 
the diagram, p. 304), whilst the earth and the node were 
in the relative positions represented by the te-to-tup, &c. 
on the right. Or if, whilst the earth and the moon's node 
inrere so circumstanced, the moon were coming across our 
plane (as at m n), or nearly so, she would receive our sha- 
dow, and be herself eclipsed. The times of such occur- 
rences, the pupil is aware, are predicted with remaiikable 
exactness; and it is easy to conceive that . laborious calcu- 
lation, extended backward, might verify the dates of the 
eclipses which have taken place in past ages. . But, in cal- 
culating backward, with every advantage derived from the 
precision of modern discovery . and observation, it was as- 
certained that the precise hour given for the ecUpse of ear- 



* The same positions of the moon with regard to the son, her 
apogee, and her node, are all repeated, or nearly so, at the end of a 
period of 223 lunations, or 18 years and 11 days. This is .what is 
meant by the cycle qf the moon^a nodes* Jt was known .to the an- 
cients as the Chaldean Saros. The inequalities of the moon's motions 
■virhich result during these several relative positions must, therefore, 
also be repeated with the positions from which they so result, how- 
ever numerous and complex they may be. 
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liert aathentic record (721 B. C), as well as the houn of 
those of ancient intermediate date, did not agree with the 
hours at which they must have taken place in accordance 
with the present average motion of onr satellite ; but that 
they so differed as to point to the fact, that the moon's 
mean motion is somewhat quicker now than in ancient 
time. Astronomers feuled to explain the cause of this, 
until, in 1787, it was accounted for by La Race, from a 
study of the effect which certain disturbances of Jupiter's 
orbit, has produced on those of his satellites (see U OQ 
p. 261). 

We have learned (T, on p. 257,) that the excentridties 
of the orbits of the planets are affected by their mutual dis- 
turbances ; and above (p. 307), that the excentricity of 
the earth's orbit affects the motion of the moon, by causing 
her to be taken nearer to the sun at one tune of our year, 
than at another. Now the action of all the rest of the 
planets upon the earth has thus been, as it were, reflected 
to the moon ; for the earth's excentricity has been dimin- 
ishing for many ages, and there has been, in consequence. 
a continual lessening of that portion of the sun's inter- 
ference with the size of the moon's orbit, which results at 
and near owr perihelion, 

" The size of the moon's orbit has gradually (but in- 
sensibly) diminished; but the moon's place in its orbit has 
sennbly altered, and the moon's angular motion has ap- 
peared to be perpetually quickened. This phenomenon ^ 
known to astronomers by the name of the acceleration of 
the moon* 8 mean motion^ before it was theoretically explained 
by La Place. On taking it into account, the oldest and 
the newest observations are equally well represented b/ 
theory," — Airy's Gravitation, p. 109. 



THB moon's BEAL PATH. 

^ The attractions of the sun and earth, alternately united 
and opposed, render the moon's path about us, compan- 
tively, one of complex irregularity. But such is the son's 
mass that, even at his great distance, the moon's gravity 
towards him i& greater than her gravity towards the earth, 
and keeps her in an orbit every where concave tontotis 



^ 
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him ; although, from the proximity of the earth, the at- 
traction of its inferior mass compels her meanwhile to " do 
service" as a satellite, by producing, alternately, an accelera- 
tion and retardation of her motion about the sun. 

^ It will be interesting to perceive the beauty of that ad- 
justment, by which the Hand that lighted up the sun, and 
projected the moon as " the lesser light to rule the night," 
has brought her, in effect, to circle around our earth, by 
appearing first on one side and then on the other, whilst 
moving in an orbit about the sun himself^ generally speak- 
ing, of the same form as our own. 
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Let tiie darker, contixmous, line represent nearly l-lSlth of the 
earth's orbitual path around the sun ; let m, the moon, be represented 
by the smaller of the two dots, and «, the earth, be represented by the 
greater : (the sun being at least two feet distant in the direction given 
by the little index.) Then, of the five relative positions of the earth 
and moon, No. 1 will represent their positions at the fww moon, or 
the beginning of the lunar month : No. 2, their positions at the quad- 
rature or first quarter : No. 3, at full moon : No. 4, at the second 
quadrature or tiiird quarter ; and No. 5, at the next new moon. 

It may be seen, that in pursuing her course along the 
dotted line from m of 1 to m of 2, she is moving less 
rapidly than the earth; but that, in moving during the 
second week, or from 2 to 3, she goes over a longer space 
than the earth does during that period. This is also the 
case in moving from 3 to 4 ; but she is again retarded in 
passing from 4 to 5 to be again a new moon, or have that 
hemisphere which is turned towards us in darkness, or 
enlightened only by reflection from the earth. 

It will be perceived that, whilst thus compelled to 
accompany the earth by the force of its attraction, the 
moon is, all the while, yielding obedience to the sun in 
performing a curve around him ; but that the parts of this 
curve which are gone over by the moon in equal times, are 
alternately less and greater, as she is alternately under the 
influence of the sum of the attractions of the sun and earth, 
(as at m 3), and the difference of their attractions (as at m 
1, or m 5). 
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PROBLEM C. 

CXLB8TIAL GLOBE. 

7b pU^ nearly, the ^ars over which the moon wUlpM 
dnring several lunations ; and to exhibit the effect of varum 
positions of her node t^on her altitude. 

Head pagw 304^06. 

RuLB (1). Fasten a silken or cotton cord, of little thick- 
ness, around the globe ; and make it, throughout, coincide 
with the ecliptic. (It will be found conyenient for this 
purpose, to elevate the North Pole 23{^ and to bring the 
first point of Cancer to the meridian). 

2. Plnd the moon's ascending node, as given belov, or 
in the ephemeris for every sixl^ day. Place a finger of 
the left hand upon the cord, exactly at the node's place; 
and push northward, with a finger of the right hand, that 
portion of the cord which is exactly three signs, or 90°, in 
advance of the node, until it is 5^^ to the north* of the 
ecliptic* 

3. At six sig^,t or 1 80^, from tiie ascending node, is the 
place of the descending node : — let the finger be placed 
upon this, so as to secure the cord at this point also, whUst 
at the 90th degree beyond, it is, in like manner, pushed 
5J° to the south. 

4. The position of the cord now marks out the moon's 
path for the current month ; and, since the places of the 
nodes for any two consecutive months differ only abont 
1^^, the moon's path for the last month and the succeeding 
one, as well as that for the present month, is thus nearlr 
represented. 

5. The pole being elevated for the latitude ^ven, the 
points of greatest north and south declination of the coitf 

* The degrees of celestial latitade in the Zodiac are, genen]lj,<^ 
marked out on the Celestial Globe. 

t If the ascending node be brought to one side of the horison, die 
descending node will be found cut by the other side, whatever be the 
elevation of the pole, since there is always an exact half of the eclip- 
tie above the horison. 
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"wlieii brought to the meridian, will enable us to find the 
greatest and least meridian altitudes possible, for the month, 
by counting upward from the south point of the horizon. 



Example 1. What stars will lie in, or very near to» the 

moon's path when her ascending node (Q)iB^O H : and 

-what are the greatest and least meridian altitudes she can 

possibly have during such a lunation in latitude 51^ North? 

Here, having placed the cord so as, thronghoat, to coincide with 
the ecliptic, I arrange it as directed, by securing it at 30 ^ and 30 
nK t whilst it is made to range to the 6th degree north of SO n , and the 
5th degree south of 20 ^ : and thus placed, it shews that the moon's 
path (as seen from the earth's centre) will be otct 5* of Capricor- 
nus, 8* of Pisces, the Pleiades and ^ in the Bull's horn, south of 
Pollnz, (3 of Gemini,) just north of Regulus, (a of Leo,) just south 
of Spica, (a of Viigo,) and Antares, (a of Scorpio,) &c. By bringing 
the cord where its north and south declinations are greatest to the 
brazen meridian, and elevating the North Pole 51^®, I find that it 
reaches an elevation above the south point of the horizon of 66| in 
one case, and of only about 9}° in the other. 

2. The moon's ascending node was 1"* s : — How did 
her path then lie with respect to Pollux — Presepe (in Can- 
cer), Regulus, Spica, Antares, « and 3 of Capricomus, a and 
fi of Aries, the Pleiades, and Aldebaran (Hyades) ? 

Answer, S"" S. of Pollux, 6® N. of Spica, &c., &c. 

3. About nine years and a half after the time of the 
position of the moon's node last given, her ascending node 
is 1^ ^ : — How does her path now lie with respect to the 
aboye-mentioned stars ? 

4. D's 3 1° 0: — Note t^e distance of her geocentric 
path during that lunation, from the Pleiades — 3 of Taurus 
(Bull's horn), Pollux, the Presepe (Cancer), Regulus* Spica, 
r of libra, Antares, > and fi of Capricomus ? 

Note, in each of these two cases, 
t^e moon's positions with regard to 
the following stars, and her greatest 
and least meridian altitudes for those 
two months, in latitude 5V N. :— 
Mesartim, y of Aries, the Pleiades, 
the Presepe, Regulus, Spica, An- 
tares, fi of Capricomus. 



5. J's 0,27 yf 

6. D's a. 3 £z^ 



* See question 11, p* 162. 
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7. What are the greatest and least altitudes of the mooo 
possible at her southing in lat. 5l| N., if her ascendiiig 
node be I*' T : — ^is not the position of her node given m 
question 6, nearly the least favourable for her altitude, and 
which position is least of all so ? 

8. Refer to the fifth column at the head of page 51 : 
find by the globe, from the place of the moon's ascendi 
node for the 1st of June, given there, what stars she occul- 
ted or made a very near approach to during that montli, 
as well as during the May and July of that year ? 

9. J*s a, 17° IT^: — Where exactly, did the moon's 
geocentric path lie : — ^note it particularly with reference to 
$ of Scoipio, Antares, « and ^ (head of Capricomos), < d 
Taurus, and Spica (a of Virgo) ; and find the greatest asd 
least meridian altitudes possible, under these circumstances, 
in the latitude of Petersburgh ? 



PROBLEM D. 

CELESTIAL GLOBE. 



To find the time of the moofis " transit " or coming to tkt 
meridian, her longitude at noon being given. 

Rule 1. If the moon be past " full," find her longitade 
for the noon of the preceding day ; — if she be not yet fnB. 
find her longitude for the present (given) day. 

2. Place the extreme comer of a very small patch o^ 
moistened paper, (or a small dot of ink,) on the ecliptic m 
the longitude thus found. 

3. Bring the sun's place to the brazen meridian, and set 
die hour drcle to 12. Turn the globe westward untiltke 
mark of the mooh's longitude for the last noon come to 
the meridian, and count the time elapsed : — ^tlus would she* 
the time of her southing, if she had been fixed since tiie 
last noon. 

4. Now shift (eastward) the mark of her longitude (0 
quarter of a degree for every half -hour elapsed ; and ^ 
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latter Ibngitude being brought to the meridian, the hour- 
circle will shew the time of her southing nearly.* 



Ex. 1 . At what time did the moon come to the meridian 
on the 25th of June, 1840, full moon having happened on 
the 15th of that month ? 

Here, since the moon is past full, and indeed in her last quarter, I 
find her longitude for the 24th or preceding day, and place a mark 
upon it : — 'nien, hringing the siin*8 place for the 25th of June to the 
brazen meridian, setting the hour-circle to 12, and giving the globe 
its westward motion until the patch coincides with the meridian, I 
find that nineteen hours are passed OTcrby the hour-circle. — I there- 
fore remove the patch eastward on the ecliptic, a quarter of a degree 
for each of these thirty-eight half-hours, or 9^^, and find that the 
moon's longitude thus becoming 2° & , she passes the meridian at 
nineteen hours and thirty-eight minutes from the last noon, or at 
seven hours thirty-eight minutes a.m. of June 25. (See *' }) *s south." 
on p. 48.) 

*^* By referring to our page 48. 1 find that the exact time of the 
moon's southing was nine minutes later than this, or seven hours forty- 
seven minutes : this was owing to the quick motion of the moon in 
her orbit at that time (she being then near her perigee, as may be 
seen by her great horizontal parallax, in the last column on that page). 
If, instead of the above allowance of a quarter-degree for every half- 
hour, we had found the difference between her two longitudes, for the 
noons of the 24 th and 25th, (viz., 14? 15',) and had multiplied this 
difference by 19, and divided by 24, that is, had taken nineteen 
twenty-fourth parts of this, her rate of motion at thattinae, we should 
have found that she had shifted eastward not 9^°, but 11 i^, during 
the nineteen hours ; and this would have made our result coincide 
with the almanac time within two minutes. , When she comes to the 
meridian only a few .hours after noon, or when we learn from her 
parallax that she is not near h«r perigee, the allowance proposed in 
the rule will give an answer sbffidently correct. 



£x. 2. The moon was full on the 15th of June, 1840; 

* This may suffice for illustration, since the average rate at which 
the moon outstrips the sun in longitude is 12® 11' per twenty-four 
hours : — ^but for greater exactness, subtract the longitude of the moon 
for the preceding day from her longitude for the day given, and 
take so many twenty-fourths of this difference as are denoted by the 
number of hours, i, e,, multiply this difference by the hours elapsed, 
and divide by 24 ; and it will shew the advance she has made eastward 
of her place at noon, and the longitude to be brought to the meridian. 
The change in the moon's taMude made during the hours from the 
last noon, wiU not materially affect the result sought for, and maybe 
disregarded. 

2 n 
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(see p. 48 ;) at what tiine did she come to the meridian of 

Greenwich on the 10th of June ; her longitude for the 

several noons of that month being ^ven on page 51 ? 

Here we may lafely use the aUowance proposed in the rule ; since 
we can tell by her parallax (on p. 48), that she was not near ber 
perigee, and tiierefore not moving yery £ut at that time. 

Ex. 3. The moon was full on the dth of May, 1841 :— 
at what time did she '* south" at Ghreenwich on the 14th 
of that month, her longitude for the noon of. the 13th day 
being 20*' r- 13'? 

Ex. 4. The moon's longitude on 13th Aug, 1 , ^i 
1841, was . . . 2<^ ffi 55' > ^^'^f 

and on 14th August . . 17^ s 42' J ^ 
She was full on the 2nd day of that month : — at what time 
did she transit the meridian of Ghreenwich on the 14th of 
August? 

Ex. 5. (['slong. Oct. 19, 1841, 24° t 20'\hor.par. 

Oct. 20 6° Yf 29' J 65}' 

She was* full on the 30th day : — at what time did she 
pass the meridian on the 20th day ? 

Ex.6. (['slong.Sept. 10, 1841, 12«? s 35'\hor.par. 

Sept. 11, 27^ ffi 2'J 60' 

She was fiill on the Ist day : — at what time will she pass 
the meridian on the 11th day ? 

Ex. 7. The moon was fidl on the 28th of November, 
1841 : — at what hour did she *' south" at Greenwich on 
the 5th of December ? 

her longitude on the 4th being 29*^ iZ 3' 1 , ^an 

on the 5th 13^tJ6'/^°'I^-^^ 



PROBLEM E. 

TEBBBSTBIAL GLOBB. 



From the time of the moon's southing on a certm 
and her declination for our noon of that day, to findwhert 
she wHl be vertical at that noon, nearly. 

Admonitory Questions, 

a If the moon and Spica (of Virgo) be together *• southingf" i^ 
coming to our Greenwich meridian,) at 5 p.m. ; in what east longi- 
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tude was the star soutliing, just two hour9 before, and in what longi- 
tude was the moon then southing, as she mnst then have been situate 
about 1^ less east than that star ? 

b I observe the moon on my meridian at Greenwich at the same 
time with Antares, and just south of that star. The time is 5 a.m. : — 
in what west longitude will Antares be southing in three hours more ; 
and in what longitude will the moon then be southing ; since, in that 
time, she will have removed about 1^° eastward of that star ? 



RuLK. — If the southing be in the afternoon, turn the 
time elapsed from noon into degrees, and then subtract one 
quarter of a degree for every half-hour :* this will give the 
^ast longitude in which the moon is vertical at noon of that 
day. 

If the southing be in the forenoon, subtract the given time 
from twelve hours ; and the degrees answering to the dif- 
ference of time, diminished by one quarter of a degree for 
every half-hour,* will shew the west longitude in which the 
moon is vertical at noon of that day. With the latitude 
answering to the declination given, and the longitude thus 
Ibimd, the place may be ascertained at which she was ver- 
tical (by Prob. XIV. Sect. 1.) 



Ex. 1 . The moon's declination at noon was 1 5 south, 
and she was southing at Greenwich at half-past three, 
P.M. : — ^where had she been vertical at noon ? 

Here 3^ hours answering to 52^^ of longitude, the moon must have 
been situated that number of degrees to the east of our meridian, at 
the time of noon, if she had been fixed, like a star ; but as her orbi- 
tual motion has been taking her eastward during those d| hours, 
about y* or If **, she must luive been Uat eoitward by that quantity 
«t noon, and consequently vertical in 60f ^ east longitude, which, in 
latitude 15^ south, answers to Cape Eatt, Madagcucar* 

Ex. 2. llie moon, on a certain day, is culminating or 
{southing at Blackheath, or London, at half-past six a.m. ; 
her declination at noon will be 18 north : — where will she 
then be vertical ? 

Ex. 3. ]) 's declination for noon 22^ 40' : — she was half 
full, or just completing her first quarter, and passed my 
meridian at Blackheath at 6 p.m. ; where must she have 



* Because the average rate of the moon*s eastward motion amongst 
the stars, is about half a degree per hour. 
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been rertical at our noon if she had been fixed, i. e., wifh- 
out orbitual motion ; and where, from a consideratioii of 
her orbitual motion, was she then vertical ? 

If the had been fixed like a star, the miut^ve beeavertical in X. 
l%t. 22'' 40^, and E. long. 90<> ; or — ® east of die aeniCh of -- — ; 
bat as, since our noon she had gone abottt 3** eastward, she eridenliy 
had been rertical in 3<> less east than 90^, or — ^ west of the zeDi& 
of that place. 

Ex. 4. The moon is Bouthiiig atJjondoiA, or Ghreeni^, 
or Havre, at 12 mimites past 1 a.m.; where wiUliei 
diminishing disk be shedding its lustre from the zenith, at 
the instant when the sim is on our meridian on this day: 
the moon's declination, as given for that instant in the 
Ephemeris, being 28^ north ? 

Ex. 5. Fourteen days afterward, the moon, being about 
two days old, was southing 10 minutes past 2 f.m.; ber 
declination at noon had been 28 south : — ^where had ber 
narrow crescent been discernible in the zenith at tbat 
instant ? 

Ex. 6. On the 18th of May, in a certain year, the moon 
was eclipsed at 9 p.m. at London : her declination vm 23 
south (and she was over the heads of the people in the 
southern parts of Madagascar when thus eclipsed). She 
came to my meridian at Gb'eenwich, at 15 minutes past 13, 
or midnight : — where will she be vertical next noon; her 
declination having, by that time, been changed from 23° to 
^° south ? 

*«* In the foregoing Rnle, the allowance made for the mooa's 
eastward motion, of a quarter of a. deyree for erery half-hour, piv- 
duces only an approximation to !&e traUi ; the mooa's rate of motioB 
varying with the time of y^ar (fw 307), and with her distaneefioa 
the earth (p. 303), from a little lesa than 12^ to a little moretM 
\^** per diem. When greater exactness is demanded, we may makenae 
of the Rule of Three to compare the rate at which she is moving per 
24 hours, with her quantity of motion for the time required. M 
if from page 5 1 , we wanted to find how muchthemoon mojediii sevev 
hours on the 2nd of June, 1840, we take her longitude of the 2Qd(H 
June, from her longitude of the third of June, and finding thus, ^ 
motion for those 24 hours to be 14^ 41', we say 

As 24 : 7 : : 14° 41' 
and we get 4** 17' for 7 hours' motion. 

In like manner, if the quantity of her motion for 7 hoars of tbe 
13th of June, 1840, were required, we find the difference of herlongi* 
tude for the noons of the I3th and 14th, to be only 11<* 53 and 
As 24 : 7 :: 1 !<> 63' : 3« 28' for the 7 hours of that day. 
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BFFBCT OF VARIOUS POSITIONS OF THB MOON's PATH 

UPON HEB RISING, ETC. 

^ Like that of every other heavenly body, the moon's stay 
«bove the horizon of any place depends upon the relation 
ivhich her declination bears to its latitude. 

We have learned (see quest. 6, 8, 1% p. 163) that at 
the North Pole, or in a Parallel Sphere, her continuance, 
like that of the sun, or of the rest of the planets, is for half 
her time at once, because an exact half of her course is 
north of the equinoctial, which there coincides with the 
horizon. 

But the period of the moon's continuance above the ho- 
rizon of all other places in the regions about the Pole, will 
be lengthened or shortened by the position of her node ; 
for, as we have just seen, this affects the extent of her de- 
clination ; and she cannot continue twenty-four hours with- 
out setting if her declination is less than the co-latitude. 
('See note preceding the Rule on p. 1S6.J When the moon's 
ascending node is in Aries, her declination (as we have seen 
from 7 of Prob. C) will become as much as ^8^°, and she may 
then continue more than the twenty-four hours even in as 
low a latitude as 61 j-^'*' : whereas, if her ascending node be, 
on the contrary, in Libra, her declination cannot become 
more than 1 8 j^°, and then many places even in the Frigid 
Zone will be without her continuous light ; for this decli- 
nation answers to the co-latitude of 71}'', and it will be 
recollected that the polar circle is the parallel of 66^<>. 

^ There are peculiarities in the moon's rising in our lower 
latitudes, which are occasioned by her rapid change of de- 
clination, and these are increased or diminished by the po- 
sition of her node : but the pupil who has gone over Pro- 
blem C, will be in no danger of being misled, if, for the 
sake of illustration, the ecliptic itself be taken as represent- 
ing the average position of the moon's orbitual path. 

At the equator, or in a Right Sphere, every degree of the 
eastward motion of the moon amongst the stars produces 



• Little higher than the latitdie of Petenburgh. 
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its fall effect of delaying the time of her next rising; for 
there the ecliptic (her average path) has but httle indina- 
tion towards the horizon : she rises there, as she cdminatee 
every where, about fifty minutes later each succeeding day 
(i. e. with an average increase of about IS"* of Right AscM' 
sian). But to any place c^ considerable latitude, those 
signs of the ecliptic which are called the Spring signs of 
the hemisphere, rise with great obliquity, wlukt the oppo- 
site, or autumnal ones, have, at their rising, more nearly 
the position which they have in the Right Sphere. The 
consequence is that, although in one part of the month the 
daily difference of the times of the moon's rising is consi- 
derable, in the other part of the month this difference is far 
less : for the daily delay of her rising which would result 
from her eastward motion, becomes, in a great measure, cm- 
teracted, when her course is lying through the Spring signs, 
by the hastening effect of her increasing declination. In a 
high latitude, under certain circumstances, she may (as 
seen in quest. 1 1 . p. 1 62) rise for several nights even with 
the same degree of the equinoctial ; and, if we elevate the 
pole to the latitude of the polar circle, we shall find that 
there, the whole of the six signs that tend towards the ele- 
vated pole rise at the same instant. 



THB HAaVSST MOON. 



*- The moon at full, that is, in opposition to the sun 
therefore rising at his setting, can, of course, be in the 
Spring signs of our hemisphere only when the sun is situ- 
ated in the Autumn ones, or during our harvest months, and 
then the hastening of her times of rising, just referred to, 
which in other months is unobserved because it takes place 
either in the daylight or during our time of rest, becomes 
conspicuous. Night after night, for several risings before 
and after her opposition or time of being full, she is rea(^ 
with the aid of her light, to enable the husbandman to avail 
himself of favorable weather for gathering in the harvest; 
and this especially in the precarious climate of a high lati- 
tude, like our own. 
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^ As this phenomenon of the Harvest Moon is produced by 
lier increasing declination, her diurnal arc is increased (Prob. 
YI. Sect. 1 ) : — ^and this increase (as may be observed by 
looking for her in the succeeding forenoons) is made up by 
the delay of her settmg : — ^for the signs in which, as we 
have seen, she is then situated, and which have the least 
difference of oblique ascension, are those which have the 
greatest difference in their oblique descensions ; and thus, 
on these occasions, after having hastened to supply us in 
the evening, she seems, as it were, to loiter, and let her 
lamp dwindle away in the next day's sky. 



PROBLEM F. 

CELESTIAL OLOBB. 



Given, the moon full on the ^$rd September, to find the 
times of her rising for several preceding and following 
evenings. 

First, taking the Ecliptic as representing the average po* 
sition of her path. 

Rule. — Stick very small patches of moistened paper 
upon the first point of Aries, and at three intervals of 1 3^ 
each on the parts of the Ecliptic immediately preceding and 
following (viz. at 21o iir— 4** and 17? of K — 14° and 27*» 
of T and 10^ Q ). Elevate the North Pole to the given 
latitude ; bring 1"" T to the east of the horizon, and set the 
index to 6.''' Then, each of the other patches being brought 
to the horizon, the time of the moon's rising on the pre- 
ceding and following days will be shewn (very nearly) by 
the hour circle ; or t the differences of the moon's oblique 

* Because the sun is in P :£^, setting in the west, and this is the 
hour of his setting on this daj. 

"f The pupil will find this latter method, of marking the oblique 
aacension, the more exact and satisfactory. 
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aaoenBiODB oa these days may be noted and turned into 
time. 

Secondly, The efcei of the positian of her node being taka 
into connderaiion. 

Arrange a white cord or thread to the given node (as in 
Prob. C), and mark it with dots, from a soft pencil, at in- 
tervals of 13o, measured off by the quadrant of altitade 
from V T • — ^Then the index of the hour circle, or the dif- 
ferences of oblique ascension of these several marks vhen 
brought to the horizon, will point out the increased or 
lessened advantage resulting from the position of the moon's 
orbit. 



Ex. 1 . Required, the times of the moon's rising in lat. 
fill"* N. on the 20th, 2l8t, 22nd, and on the 24th, 25tb, 
and 26th days of September, in a certain year in which she 
was fiill * exactly at sunset of the 23rd of that month, and 
consequently rose at six o'clock : — the longitude of ber 
node being supposed to be such as to cause her path to 
have an average inclination to our horizon. 

Ex. 2. Required the times of the moon's rising, on those 
days, in latitude 56° of the same longitude. 

Ex. 3. Required the times of her setting in latitude 56° 
on these occasions. 

Ex. 4. Find what would have been the several times of 
the moon's rising on these occasions in latitude 51i° N.> if 
her 3 had been 1*» r. 

Ex. 5. And what would then have been the times of her 
rising if our latitude had been 56° instead of 51^*^ ? 

Ex. 6. What, if the latitude had been 60'' N. ? 

Ex. 7. Find what would have been the several times of 
the moon's rising, on the evenings mentioned, in the lati- 
tudes of 51^'' and 60o N., if her Q had been 1? £i. 



* We have taken the precise time of siinset of the 2drd Septem- 
ber ; bat the illustration is a fair one ; for the pupil will readily alio' 
that the circumstances would not have been very different if ^ 
moon, instead of being full at 1° T , had been full a week before, or 
a week after ; that is, when the sun*s place was 23^ 'vjtorB^,"^ 
her longitude must have been 23^ x or 8^ T . 
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PROBLEM G. 



TBKRSSTKIAL GLOBB. 



Given, the moon in the zenith of a certain place at the in- 
stant of her occultation of a star, 8(C., to find her appearance 
vnth regard to that star from certain other places, 

[The pandlax of the moon, &c., is explained in pp. 18, 19, and it is 
there also mentioned that, seen, in the zenith, she is in her tnie oc 
geocentric position (def. 99). Her greatest or horizontal 
yvrm (as maybe seen by tracing down the odlnmn on tiM riglit band 
of p. 48) from more than 6V to less than 54^ This is owing to the 
ezcentridty, of her orbit, and to her being thns altematelj nearer to 
08 and more distant from ns. 

The moon's Marions parallax for the various altitndes at which she 
may be under obserration, is given in books of navigation, &c. We 
insert an extract below the role, biit give the zenith distance, or com- 
plement of her altitude, instead of the altitude itself, as more conve- 
nient for the present purpose.] 

First, the hearing of the zenith in which the moon wasi 
situated being given. 

RuLB. — Elevate the pole for the latitude in which the 
moon is vertical, or (which is the same thing) for the de* 
clination of the star or of the moon's geocentric place. Bring 
the place where the moon was vertical, to the brazen me- 
ridian, and affix the quadrant over it in the zenith : — the 
nut of the quadrant may thus represent the moon. 

Find, now, the distance of the other proposed place, by 
bringing the graduated edge of the quadrant to it, and 
counting the intervening degrees ; and they will shew the 
zenith-distance of the star at this place at the proposed 
instant. Against the number of degrees most nearly ac- 
cording with the zenith-distance, in the table given below, 
the parallax of the moon will be found : — If the moon's 
bearing Was north of the place of observation, her pi^- 
lactic displacettieiit was northward; if her bearing was 
south, her displacement was southward ; if east, it was east- 
ward ; if southeast, it was south-eastward, &c. &c« : — the 



s^^ 



MOOir's PABALLAZ. 



panJlax being, in every case, a depression toward tlie 
horizon. 



Zenith Diittnoe. Near Apogee. 

2(f ^'ipandlax 18' 



30» 

90° 



ft 

n 
ft 
»» 



(i. e. ]) 's hor. par.) 



26' 
34' 
40' 
45' 
48' 
48' 
64' 



Near Perigee. 
20' 
30' 
38' 
45' 
61' 
65' 
56' 
61' 



Ex. 1 . Suppose the north " limb " of the fall moon to 
be touching Antares, as beheld, at a certain instant, voy 
near the zenith at the island of St. Catherina (east coast 
of South America) ; — ^how would she appear with regard to 
that star from the following places, from which the zenitb 
of St. Catherina has the several bearings annexed to them; 
the moon being supposed to be near her apogee, and the 
diameter of her disk being 29' ? 

From* South Shetland, St. Catherina bears N.N.E. (nearly) 



t Cape Verde 

X London 

i The Marquesas • 

California (south point of) 

Cape of Qood Hope 



>> 



>> 



*> 



ft 



»f 



99 



it 



>f 



S.W. by S. 
S.W. 
£.S.£. 
S.E. by E. 
W. by S. 



• Here I find that the principal island of South Shetland u distant 
from St. Catherina 37** ; and consequently Antares, when in tbe I^ 
nith of St. Catherina, must have been at that distance from the xenill 
of South Shetland. Bj referring to the little table, I find tint at ^O' 
zenith distance the moon is displaced about 34' ; and as she bore 
N.N.E. from South Shetland, instead of appearing, as at St. Catbe- 
rina, to be south of the star, and touching it with her north Iifflb> ^ 
whole disk of 29^ was thus, by parallax, made to iqipear on the otiitf* 
or N.N.E. side of it ; and with her S.S.W. limb, about a sixth of itf 
apparent diameter distant from it. 

t Here, the zenith of Cape Verde being about 51° distant &ob 
that of St. Catherina, and the zenith of St. Catherina bearing S.w> 
by S. from it, I find that the moon, instead of appearing at Cape 
Verde to touch Antares at that instant, was cast, by parallax, notksi 
than 40^ (or once and a quarter her apparent width), below the star. 
to the S.W. by S. of it. 

X It will be observed, that at London and at the Marquesas, the 
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Secondly, the bearing of the zenith in which the moon was 
situated being required, as well as its distance. 

Rule.— Find the angle of position, or apparent bearing of 
the place at which the moon and star are vertical, by elevat- 
ing the pole for each place of observation separately, and 
attaching the quadrant over it (as in Prob. IX. Sect. 1.), and 
the several distances of the zenith in which they are verti- 
cal may be counted at the same time on the quadrant : then 
use the table as before. 



Ex. 3. Suppose the southern limb of the full moon were 
seen, at Madras, to come into apparent contact with Regu- 
lus, at an instant when that star is in the zenith there,— 
at which of the following places will the star at that instant 
appear to be detached from the moon ; — at which of them 
will she be seen with her northern instead of her southern 
limb near the star ; — and at which of them will the star be, 
at that instant, hidden by the moon's disk : — the moon 
being near her perigee, and her apparent diameter 32' ? 



* London 


Canton 


St. Helena 


Delhi 


Cape of Good Hope 


Alexandria 


Botany Bay 





£x. 3« At twelve minutes past one in the morning of 
2nd June, 1831, the moon, as seen from Blackheath, oc- 
culted the planet Jupiter. These two planets were, at that 
instant, vertical at Cape East, Madagascar, where (the time 



moon and star were very near the horizon ; bat that, the one place 
^as leaving their light, and they were consequently setting to it ; 
whilst at the other, or western place, they were near the eastern 
horizon. 

* Here, elevating the pole to the latitude of London, screwing the 
nut of the quadrant in the zenith, and bringing London underneath 
it. I can find the degrees of distance, as well as the bearing, of the ze- 
nith of Madras. 
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being about balf-past four, a.m.) they were both visible :- 
ooold there have been this phenomenon there, the moon 
having passed over Jupiter, as- seen £Fom Blackheathi at 
about 6' distance only from her south limb : — and, if not, 
how did the moon and Jupiter appear situate with respect 
to each other in the zenith of Madagascar, the moon being 
then near her perigee ? 

Ex. 4. Suppose that on the 2nd April, in a certam year, 
at the instant of noon at St. Helena, the centres of the sun, 
moon, and earth were in the same straight line, and the 
disk of the moon were thus exactly covering the sun's 
disk, as beheld near the zenith of Cape PaJmas (IvoiJ 
Coast, Africa) ; what would be, at that instant, the appear- 
ance of this eclipse at St. Helena, at Gibraltar, and at 
Land's End ; the moon being near her perigee, and ha 
dBak, therefore, having nearly Ihe same apparent diameter 
as the sun's at that time of year, or neariy 3d' ? 

Ex. 5. What, at the same. instant, was the appeamoe 
of this eclipse from St. Antonio (Cape Verd Isles), to 
which Cape Palmas (and therefore, the sun and moon) bore 
neariy S.E. by E. ; from Mecca, from which: they boce W. 
by S. ; and from Rio Janeiro, where they were bearing 
N.E.? 



ECUPSES. 

The subject of eclipses has been anticipated on pp. 194* 
195, in the illustrations given there of the umbra and p^- 
umbra of the earth or moon. The circumstances which 
occasion eclipses have been described, also, on our p8g^ 
307, where the reference is to the diagram illustrative 
of the moon's node, on page 304. The pupil is, therefore. 
requested to re-peruse those portions in the folioving 
order : — 

First, D and its note on page 307 ;— then note oo f 
306 ;— then D and its notes 2, 4, 8, on pp. 192—4 1--^^ 
lastly, F and its notes, with their illustrations, on PP- 
194—5. 
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^ If the moon's revolution about the earth were performed 
in the same plane with the earth's revolution about the 
sun, it is evident that in each synodical period (B, p. 299) 
there would be two eclipses, for she would once come be- 
tween the earth's centre and the sun's, and thus intercept 
his beams ; and once pasd through the earth's shadow, and 
be herself deprived of them^ 

^ If the moon's orbit, although not in the same plane with 
the earth's, were parallel with it (that is, either northward 
or southward of it equally throughout), whilst less sepa- 
rated from it than the sum of her horizontal parallax and 
the semidiameter of her own disk and the sun's ; then, from 
what we have attended to in Problem G, the pupil will 
understand, that each time she was " new," or in conjunction 
with the sun, she would be seen to overlap his disk when 
viewed from certain parts of our earth's surface. On ac- 
count of the great width of the earth's conical shadow at the 
moon's distance, she might, also, under such circumstanced, 
be involved in a portion of it each time of her being fiill. 



»» 



^ But, as the moon's orbit is inclined d^^ she can " eclipse 
or occult a portion of the sun's disk, only when she is "new 
either at one of her nodes, or so near to it as that her paral- 
lax may cast her northward ox southward to the solar disk : 
and when in opposition, or full, unless within certain limits 
of distance from a node, she will either be above or below 
the cone of the earth's shadow. 

^ The moon's parallax, as well as the diameter of her disk, 
varies with her distance from us ; and according, also, to 
her distance when full, will be the width of that part of the 
earth's conical shadow which may be lying near to or across 
her path. But astronomers calculate that if, when new, 
the moon (and consequently the sun) be only 16^ 58' from 
either of her nodes, some portion of her disk may be pro- 
jected upon the sun's, as viewed from some parts of the 
earth ; or if, when fuU, she be only 11° 25' 4(y' from either 
node, she may have to pass within a portion of the earth's 
shadow. These are what are meant by " ecliptic limits." 

^ The sun, at an average, appears to advance through 29° 
6' during the synodic period, or time of lunation; uid 

2f 
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therefore must be passed, and at least partly occulted, by 
the moon, anee during each of the two half-yearly periods 
at which he is situated within 16^ 58' of one of her nodes ; 
for having arrived within tMs limit of 16^ 58' on one side 
of a node, he must, of course, pass through the double of 
this, or $S° 56', to get as far on the other side of it ; and 
during the time of his progress through this portion of the 
ecliptic, the moon must, at least, once overtake him. But 
the full moon, in the fortnight following each of such two 
half-yearly occurrences, will not necessarily be herself 
eclipsed ; for the lunar ecliptic limits being, (as mentioned 
above) only 11^ 25' 4(y' on each side of the opposite node, 
or only 22^ 51' 20" in all, the shadow of the earth, travel- 
ling, of course, just as fast as the opposite sun which pro- 
jects it, is less than a month in moving through that space. 
and the full moon may therefore escape it. 

Hence, the least number of eclipses will be two ; and if 
there be only two, they must both be solar eclipses. 

"^ But there might be as many as seven eclipses in the 
year : — ^Thus, suppose, at the very commencement of a year, 
the moon's node were littie less than 17^ in advance of the 
sun*8 place when the new moon overtook him, and conse- 
quently occulted a part of his disk, — she must occult him 
again when next she overtook him, and became jnev ; for 
he would even yet have proceeded only to about the thir- 
teenth degree beyond her node. 

V Jq consequence of the regression of the nodes, the sun 
would again be found within this limit of distance from the 
opposite node, when he had advanced in the ecliptic, not 
180°, but about 170° only; and this portion of his pro- 
gress he makes in 173 days. Now six lunations occupy 
177 days; and, thus the moon, in the case supposed, 
would meet with the sun, when new her seventh time* 
under circumstances differing but little from those under 
which she had met with him when new the first time ; and. 
therefore, not only the seventh, but the eighth new mooo 
would eclipse him. But there would be yet another, or 
fifth solar eclipse in the year proposed ; for as the lunar 
year (or twelve synodic periods) occupies only 354 days, 
its 13th new moon would, in consequence of the r^gres- 
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dion of the node, find the sun again within the ecliptic 
limits. 

It is easy to perceive that, under such circumstances, 
the first full moon, and the seventh also, must have 
been involved in the earth's shadow, and that very near 
the node : for the fsun, after the first new moon for 
instance, would just have had time to get from a little less 
than 17° to wi^n 2° of the node, and consequently be 
casting the earth's shadow within 2° of the opposite one, 
when the moon arrived to receive it. We see, then, that 
there might be seven eclipses within the year, five of them 
being solar. 

^ The sun and moon are, during the year, as much below 
the horizon as they are above it ; and, hence, taking the 
average number of eclipses to be four — two of the sun and 
two of the moon — the average of visible eclipses will be one 
solar and one lunar. We know that, in consequence of 
p£urallax, the sun may be appearing clear of the moon*s disk 
from many parts of the earth even whilst entirely eclipsed 
by her as viewed from another part. A lunar eclipse, how- 
ever, is visible from half the earth's surface at once ; for, 
when shadowed by the earth, the moon is seen thus from 
all places to which she is above the horizon. 

^ The duration of a lunar eclipse depends upon the dis- 
tance of the sun from the earth at the time, as well as 
upon the moon's distance ; for upon these circumstances 
depend the dimensions of the earth's shadow where it is 
crossing the moon's path, and the rate of her passage 
through it. But the earth'& shadow extends three times 
and a half as far as the average distance of the moon, and 
its dimensions there are, at least, equal to 2-| of her diame- 
ters ; so that (partially and wholly) she may continue as 
long as 3f hours eclipsed by it. For nearly an hour, also, 
before she enters the umbra, and after she leaves it, the 
penumbra may be perceived obscuring a part of her disk. 

Y The moon is not invisible even whilst totally in the 
earth's shadow. The atmosphere all around the disk of 
our planet, as beheld from the moon, refracts some of the 
light of the hidden sun into our shadow ; and a portion of 
this reaches the moon. It would seem that the light thus 
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refracted Ib decomposed (V 2, p. 187), and the other parts 
of it becoming absorbed, the red rays prindpally reach 
the mo<xi. In the total eclipse of 2nd September, 1830, 
she appeared of adeep blood-colour when most obscured. 

^ The duration of a solar eclipse, even if total, depends upon 
the distances of the sun and moon from the earth's centre; 
for upon their relative distances depend the rektiTe sizes 
of their disks ; the moon's disk sometimes being less and 
sometimes greater than the sun's disk. Her passage across 
him, too, is performed in a less or in a longer time, accord- 
ing as she is near her apogee or her perigee. 

B When the new moon is nearest to us and the son at his 
greatest distance beyond her, her shadow, although then 
Uie longest possible, does not much outreach the earth's 
surface : we are so near its apex or termination, that it ob- 
scures an area of not more than 180 miles broad, and this, 
at the utmost, is the whole extent* of a total eclipse at any 
one instant. But the moon's penumbra (see F, p. 194-5,) 
is at the same time extending over a circular space of 
4,900 miles in breadth ; and from all stations within this 
space, various portions of the sun^s disk are occulted. 

c When the moon is at more than her average distance 
from the earth, no tottd eclipse of the sun can take place; 
for her shadow is shorter thim her average distance, and if 
the centre of her disk be then seen to coincide with t^ of 
the sun's, his circumference appears all around her, and ve 
have an annular eclipse (lat. annuhns, a ring). 

A solar eclipse cannot continue annulMr longer than 
twelve and a half minutes, nor total longer than eight 
minutes. 



* This darkened area of 1 80 miles* diameter, if viewed telescopicall; 
from the distance of Mars or Venus, would be seen like a round blot 
traversing the wider or narrower part of the earth^s disk, like the 
shadow of a satellite of Jnpiter as it moves across him (see 4 of Di 
on p. 192). 
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The remarkable correspondence (note on p. 307) of the 
time of a complete revolution of the moon's node with 223 
of her synodic periods or '* lunations/' causes a perpetual re- 
currence of the eclipses which take place during that time. 

The following extracts from an extended table of eclipses, 
calculated by a French astronomer as visible from Europe, 
Asia, and Northern Africa^ will serve to exhibit a few re- 
markable instances of the return of such eclipses. 



l842})PJan.26 

^ Julv 8 
3) P July 22 


6 A 

7 M 
11 M 


\B6U 


^ Jan. 1 1 
^ July 8 
3)P2>«c. 17 
^ Dec. 31 


r 

1880< 


^ Jan. 11 
})TJune22 
DTDec.ie 
^ Dec.3l 


1843})PJfiiMl2 
3)P2>«?. 7 
^ D6C.21 


8 M 
5iM 


1862^ 


^TJune 12 
DTDec. 6 
^ Dec. 21 


1881*1 


^ May28 
J>TJtmel2 
})P2>ee. 5 


1844})T3%31 
})TiVbv.25 


11 A 

1 M 

5iA 
8|m 


1863<< 

L 


^ Ifoy 17 
}>TJfliM 2 
}) P Nov. 25 


1882^ 


^ Mayll 
^ Nov.U 


1845^ May 6 
})TMay21 
})PNov.l4 


1864i 


^ 3fay 6 


1883^ 


})PApr.22 
})POct. 16 
^ Oct. 31 


1846^ Apr. 25 
^ Oct. 20 


I865i 


})PApr. 11 
3) P Oc/. 4 
^ Oc*. I9 


1884^ 


^ Mar. 27 
:)T Apr. iO 
^TOet. 4 
^ Oct. 19 



^ During eighteen years and eleven days, the time of this 
revolution of the moon's node, there are about sixty 
eclipses — twenty-one of the moon and forty-one of the 
sun — and since the sun, moon, and earth, at each termina- 
tion of this period, are nearly in the same relative positions, 
the series of eclipses recommences in nearly the same order. 

2p2 
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PROBLEM H. 



CBLB8TIAL OX.OBB. 



Having the time of new or full moon, to find whether ax 
eclipse be possible, 

1 . For the time of new moon : — 

RuLB. — Find the place of the node, and adjust the cord 
as in Prob. C : — If the sun's place in the ecliptic for the 
given day be within 17^ of either node, there will be a 
solar eclipse. 

Whether places to the north of the sun, or to the Boathof hi]n,iiuy 
yiew thif eclipse, will depend upon the situation of the moon as noitb 
or south oflum. 

3. For the time of fuU moon : — 

Find the place of the node, and adjust the cord as is 
Prob. C : — If the sun's place be within 12^ of either node^ 
the moon will be eclipsed at the same distance on the 
corresponding side of the opposite one. 



Ex. 1. There was a new moon on the 25th of March, 
1838, at which time the lon^tude of her ascending node 
was 14°, (or 14° t) : — was the stin then eclipsed; and if 
eclipsed, could it have been viewed from places in the 
northern hemisphere ? 

Here, having adjusted the cord, I find that the snn was within 9° 
of the moon's ascending node, and consequently was eclipsed. As 
the longitude of the new moon coincides with the sun's, like him site 
was west of her ascending node, and had not jet arrived at it ; sb^ 
must therefore have been to the south of the sun, and projected a> 
his disk by parallax only from some southern places. 

Ex. 2. There was a fall moon on the 9th of April, 1838, 
at which time her ascending node was 13 T : — did she 
escape eclipse ? 

Here, having adjusted the cord, I find that the sun, by this tioe, 
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had advanced only 6^ to the east of the moon's ascending node ; the 
moon, therefore, was eclipsed 6^ on the corresponding side of her 
descending node, or in 19^ £fe. 

Ex. 3. The moon was full on the Ist of May, 1836; 
her ascending node was then 20° 34 : — shew her longi- 
tude, and state whether she escaped the earth's shadow ? 

Ex. 4. Fourteen days after this, (or May 15,) did the 
new moon eclipse the sun; the moon's node having re- 
gressed to 19° 50: — and give reasons for supposing, 
that if eclipsed, the sun was not visihly eclipsed to certain 
latitudes ? 

Ex. 5. Did the new moon of the 8th of November, in 
the same year, (1836,) eclipse the sun : the moon's ascend- 
ing node having, by that time, become 10° 30 : — and if 
eclipsed, from which hemisphere could he not have been 
seen eclipsed, although above the horizon } 

Ex. 6. Was the full moon of the 7th of March, 1841, 
eclipsed, her node being 16° rsj 47' ? 

Ex. 7. Was she eclipsed when fiill, on the 2d of August, 
her node having then become 9° t!r ? 

Ex. 8, Could she have been eclipsed at the next time of 
being full ? Why, or why not ? (S, on p. 326.) 

Ex. 9. Was tiie sun eclipsed on either of the two follow- 
ing occasions of his conjunction with the moon, viz. ? 

Feb. 21 1841 PI. J's Q 17° trs 30' 
Mar. 23 1841 8 16° ts: 0' 

Ex. 10. Find what eclipses took place under the several 
circumstances given below : — 

In 1839. 

New moon 15th of March 
Full moon 30th of March 
New moon 13th of April 
New moon 7th of Sept. 
Full moon 23d of Sept. 

In 1842. 

New moon 8th of July Q 20° vr 50^ or 290° 50/ 
Full moon 22d of July 3 20° vr 18' or 290° 18' 



Q 


25° ^ 0' 


Q 


24° K lO' 


Q 


23° }i 30' 


Q 


15° X 45' 


8 


15° K O' 
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PROBLEM K. 



TXUKBSTBIAL GLOBE. 



A time being given at which the sun is edipsed where it ii 
passing the zenith, to find where, tdso, at that time, the 
eclipse mag be visible. 

The pupil who has answered the quettions giyeii under Prob. G, 
will be aware that, from the effect of paraliaz, the moon's disk maj 
be seen upon the sun's from some places whilst he may be quite clear 
of her as viewed eren where he is in the zenith. The path of the 
moon's shadow, (or total edipse,) like that of the little round blot 
over the disk of Jupiter, (4, p. 192) can be ascertained only by nice 
astronomical calculation. In the present instance, the arcomstances 
bf the eclipse where the sun is vertical are merely unarmed for tlie 
sake of the illustration. 

First : — For the instant of the sun's being totally eclijuei 
in the zenith of a place : — 

RuLB. — ^Represent the position of the earth's surface with 
respect to the sun, by rectifying the globe for his declination 
and the given hour (as in Prob. V. p. 120). Attach the 
quadrant to the sun's declination, and consequently over the 
place to which he is vertically eclipsed : — then, note ail 
places within 35^* of this place, as those over which the 
moon's penumbra is extending ; and from which, con- 
sequently, various portions of the sun's disk are occulted 
at that time. 

Secondly: — For the instant at which the sun is very sUgJUhf 
eclipsed in the zenith of a place : — 

Arrange the globe, as before, for the declination and the 
time; and attach the quadrant to the declination; then, 
whilst to many places within a short distance only of that 
to which the sun is vertical the sun is not eclipsed, to 
others, within as much as 70° in an opposite direction, the 
moon may be seen variously occulting him. 



* Because the moon's penumbra may be considered to be 70" 
broad. (See B, on p. 328.) 
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Ex. 1. Supposing the sun to be totally eclipsed where 
he was vertical when it was three quarters past three p.m., 
at Greenwich, on the 15th of March, from which parts of 
the earth might he appear eclipsed in various proportions at 
that time ? 

Here, the eclipse being total very near the zenith of ParunSf (mouth 
of the Tapayosy) on the Amazons, it would-be visible, variously, at the 
instant, to all within 35^ of that place ; viz., to Baenos Ayrei, and all 
north of Buenos Ayres in Southern America, half of Cuba, the island 
of Jamaica, St. Domingo, the Virgin and Caribbee islands, &c. &c. 

*«* The inhabitants of the Galapagos, Havannah, and the Bermu- 
das, seeing, at that instant, only a mere contact of the sun's disk by 
the moon, and each at a different limb ; and the Cape Verde islands, 
at that instant, just escaping a view of the eclipse. 

Kx. 2. Supposing the sun to have been totally eclipsed, 
or very nearly so, in the zeniths of certain places, at the. 
Greenwich times given below, from which parts of the 
earth may the moon's disk have been seen overlapping the 
sun in various degrees ? 

April 25, 5l p.m. — Dec. 21, 6^ a.m.— July 23, II^^a.m. 
— January 11, 11 p.m. 



£x. 3. On the 24th of February, in a certain year, one 
digit of the sun's disk was eclipsed in the zenith of a certain 
place, when it was forty minutes past twelve at Black- 
heath. Now, supposing it to have been the sun's north 
" limb" that was so eclipsed at that instant, could an 
eclipse have been then visible at the Cape of Good Hope ; 
and from what places may it then have been visible to a 
greater extent than it was in the zenith ? 

£x. 4. At sea, lat. 5 south, my Ghi^enwich chronometer 
shewing six hours forty minutes a.m. ; but the sun being in 
Toy zenith, with two digits eclipsed on its east limb : — could 
my friends at the Cape or the Mauritius, have be^n view- 
ing an eclipse at that instant : — was it visible to those I 
had lately left at Batavia, or where else was it, probably, 
visible at that time ? 
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PROBLEM L. 



TBRREBTRIAL OLOBE. 



The time of a Lunar Eclipse beUtg given, to find to what 
places it may be visible* 

Since, when eclipsed, the moon muBt be in opposition to 
the sun, or very nearly so, she must be above the horizon 
of all those who are out of sunlight ; hence. 

Rule. — 1. Having rectified the globe for the 8un*8 declina- 
tion, and arranged the surfieu^ for the given hour, as in the 
last problem (or by Prob. V. p. 120), we may mark all those 
places situated along the eastern edge of the terminator, 
and therefore setting out of sunlight, as having the mooo 
rising eclipsed ; and those along tibe western edge of the 
terminator, and which consequently have a rising sun, u 
tbose to which the moon is setting. 

For the convenience of observing the various zenith dis- 
tances, or altitudes, at which the moon appears edipsed 
from the several places to which she is above the horizon:— 

2. Now elevate, to the same number of degrees, the con- 
trary pole, or that which is of the same name as the moon's 
declination ; and setting the index to twelve, turn the globe 
twelve hours, or half a rotation. Then screw the qoad- 
rant to the degree of declination in the zenith, as the 
moon's situation ; and its graduated edge, brought to coin- 
cide with any proposed place, will mark the altitude at 
which she is there appearing eclipsed at the given instant 



Ex. 1. On the 26th of January, 1842, t^ere will bet 
partial eclipse of the moon : — ^to what places will it be 
visible at tibe time of the middle of the eclipse, or fire 
hours forty-five minutes p.m. (Greenwich) : and how higb 
will the moon then be at Calcutta, at the Cape of Good 
Hope, and at Botany Bay ? 

Here, first derating the south pole to 18|<> (the sun's dedinstioB). 
bringing London to the meridiani and tnmiiig the globe eastwanl fite 
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hours and three qaarters, I find that the Sandwich Islands, the 
Friendly Isles, and New Zealand, have all jnst risen into sunlight, 
and thus quitted their view of the lunar eclipse ; whilst the south 
of East Greenland, Morocco, and the whole south-west coast of 
Africa, are just leaving sunlight to behold it. Next, elcTating the 
north pole 18f ^, setting the index to twelve, turning the globe twelve 
hours, and screwing the quadrant to the zenith, the nut of the quad- 
rant represents the moon ; and its graduated edge applied to Calcutta, 
&c., gives (as in Prob. VII. p. 81) the altitude at which the eclipse is 
viewed from those places. 

Ex. 2. From which parts of the earth's surface was the 
lunar eclipse of the 9th of April, 1838, visible at the time 
of middle eclipse, thirteen hours fifty-eight minutes (Ghreen- 
wich) ; and if visible at London, at what altitude was the 
moon at that time there, and what at Paris and at Edinburgh? 

Ex. 3. On the 3d of October, 1838, the moon was 
eclipsed; the first contact of the moon with the earth's 
penumbra occurred at hrs. 11m., or eleven minutes past 
noon, Greenwich time; to what remarkable Indian city 
had she then very lately risen, and to what remarkable 
islands had she lately set ? 

Ex. 4. llie middle of the last mentioned eclipse, was 
two hours and a half after its commencement (or two 
hours forty- one minutes p.m., Greenwich time) : — what 
then were the moon's altitudes at Calcutta, at Madras, and 
at Botany Bay ? 

Ex. 5. The moon's last contact with the earth's penum- 
bra, took place after two hours and a half more, (or at five 
hours eleven minutes p.m., Greenwich time,) — ^from what 
other remarkable places had she then, for some time, been 
viewed ; and what, at this termination of the phenomenon, 
was her altitude at Pekin, at Petersburgh, and the Cape of 
Good Hope ? 

Ex. 6. From what places will the lunar eclipse of the 
l^th of June, 1843, be visible at the time of its commence- 
jnent, supposing that to be at six a.m., Greenwich time ? 

Ex. 7. From what places may a part of the lunar edipee 
of the 2d of June, 1863, be visible, supposing the middlq 
of the edipae to be at midnight, (Greenwidi time,) the 
eclipse beginning two hours and three quarters before thb 
time, and ending two hours and three quarters after it ? 
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moon's "AGB." 



^ Meton, a Ghreek mathematician, (432 B.C.) discovered 
that 235 lunations comprise"^ nineteen years, and that» 
consequently, the same positions and phases of the moon 
recur with exactness on the corresponding days of any two 
of such periods. Honours were decreed to him for this 
discovery, and his computation was engraved in letters of 
gold. The Golden Number of our calendar, is the number 
indicating the years that have elapsed since the last com- 
pletion of one of these cycles. 

The year *' one" of the Christian ^ra, was the second 
year of a Metonic Cycle. Hence, if we add one to the date 
of the present year, and divide by nineteen, the quotki^ 
will shew the number of cycles completed since the Chns* 
tian iEra, and what remainsf will shew " the Golden 
Number," that is, how far we have advanced in the cuirent 
cycle ; or how long (including the present year) it is, since 
the moon had the first day of her lunation on the first of 
January. 

ThiUp the year 1842 has nineteen for its golden number ; — a oev 
moon wUl occur on the 3 1 st of December, and the 1 st of Janoarj, 18^, 
will commence the ninety-eighth lunar cycle of the Christian .£ia. 

^ The Epact, for any year, expresses the moon's age at 
its commencement. 

Our average calendar year of 36 5^ days is, very nearly, 
eleven days longer than the lunar year, or twelve luna- 
tions : hence, the Epact or moon's age at the commence- 
ment of the first year of a lunar cyde being dajrs, her 
age at the commencement of its second year will be 11 
days, and at the commencement of the third year 29 days: 
but its fourth new-year's-day will have a moon of three 
days old, because she will then have passed 33 days, or 
three days more than a whole lunation : — the fifth new- 



* They exceed nineteen years by about an hour and a half only, 
t If nothing remain, the year completes the cycle, or is the 19th. 
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year*8-day of the cycle will have the moon 14 days old, 
&c. &c. 

In this way, the Epacts of a lunar cyde are 0, 11, 22, 3, 14, 25, 
6, 17, 28, 9, 20, 1, 12, 23, 4, 16, 26, 7, 18. 

H We may remember that at the beginning of the lunar 
cycle, or when the Golden Number is 1, the Epact is : — 
if we deduct one from the Golden Number of any year and 
multiply by 1 1, the product being divided by 30, what re- 
mains will shew the Epact. 

Thus, in 1834, when the Golden Number was 11, the Epact was 
20 ; and, in 1841, the Golden Number being 18, the Epact was 7. 

^ There is a monthly Epact» arising from the difference 
between the lunar month and the calendar one. We may 
find the age or phase of the moon with tolerable correct- 
ness for any time of the year, by adding the day of the 
month to the Epact for the year, or its 1st January, and 
an allowance of one day for every month since February.* 

Thus, for the phase or age of the moon on 6th April, 
1842:— 

Six days for the date, plus 18 (or the Epact), plus 2 days (for two 
months elapsed since February), will give 26 days for the age of the 
moon on the 6th April. She wUl consequently be new again on the 
fourth day afterward, or on the 10th April. 

For the age of the moon on 17th Oct. 1849 : — 

17 days + 6 (or Epact), + 8 days (for the months elapsed since 
February), =31 days ; that is, she wUl be new, or one day old, on 
nth October, 1849. 



CTCLB OF THE SUN. — DOMIXICAL LBTTBR. 

^The ** Cycle of the Sun" has not. as might be supposed, 
any regard to the apparent ecliptic progress of the sun ; 
but refers only to the circulation of the Sundays of 28 years 



* The surplus above a lunar month in January may be considered 
as compensated by the deficiency of February. 

2 o 



338 DOMINICAI. Om 8UKDAT LBTTBJt. 

amongBt the first seven letters of the alphabet, which are 
attached, m their order, to every seven days of the calendar. 

Since the oommon year consiBts of 365 days, or 52 weeks and one 
day over, that one of these seven letters which is attached to the 
Sundojfs of such year will be attached to the Monday* of the year 
first following it— to the Tuetdayf of the second following year, &c. 
&c. : — so that, if all years contained this excess of one day <nilj, ^ 
return of Sundays to the same letter would take place exactly every 
seven years ; and any day of a period of seven years, as, for instance, 
the 989th or 765th, &c., would -have the same letter in the calendar 
as the 989th or 765th, &c., dav of the preceding seven years' penod ; 
but, because the February of every fourth year has 29 days, nad 
the year 366 days, and therefore an excess of two days above the 
even weeks, the letters then leap * in the months after February ; and 
four times seven years, or 28 years, are requisite for the retnra of 
the Dominical letters in the same order year after year ;— -that is to 
say, if we were to number, consecutively, the days of each of two pe- 
riods of 28 years, any two corresponi&ng days of the two peciods 
would be found against the same letter notwithstanding the interfier- 
ence of leap-years. 

^ The chief use of the '• Cycle of the sun " is to find the 
Dominical letter ; but it is hoped that the following may 
be approyed as a concise rule for finding, mentally, ^e 
Sunday letter of any year until A.D. 1900 : — 

Add the odd years and their fourth f part to ^100, — 
A sum arises, which, if we review 
How much it lacks of sevens, will give the station 
The letter holds in' alphabet rotation. 

*^* If the sum so found be an exact number of sevens, 
the Dominical letter is the seventh, or G. 

Thus, for 1841— to the odd years, 41, add 10 (their fourth part. 
omitting fractions), and also the number 2, and the sum is 53 ; which, 
being 3 deficient of eiffht a9ven» or 56, shews the Dominical letter to 
be the thirdy or C. 

For 1827, add 27 to 6 (its fourth part, disregarding fractions), ind 
also the number 2, and the sum is 35 ; which being notMng defideot 
of even sevens, the letter is the teventhf or 6. 

For 1843, take 43 + 10 + 2=55 ; and smce this sum is one defideot 
of even sevens, the Sunday letter is the^r«/, or A. 

For 1844 (leap-year), take 44+11 +2=57 ; which being six dei- 
cient of 63, the next number containing even sevens, the letter is tk 
sixth, or F (sfter February J). 

* Hence the term " leap year.*^ 
t Disregarding fractions. 

X N. B. In the January and February of a leap year, the Sondaj 
letter is the next in alphabetical order to that which marks the Su- 
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THE TIDES 

** Are forced oscillations excited by the rotation of the 
earth in an ocean disturbed from its figure by the varying 
attractions of the sun and moon." — Sir John Henchel. 

Phfloflophera m every former age have been pozzled to account for 
these phenomena. 

PHny, the Roman natnralisti A. D. 60, was led to attribute them 
to the action of the sun and moon, from their evident correspondence 
with the periods and phases of the latter luminary. 

Kepler recognised the gravitating influence of the moon, alleging 
that if the earth could cease to attract the waters towards itself, aU 
the waters of the ocean woidd rise and flow into the moon. Ghdileo 
rejected this doctrine, as did also our renowned countryman Francis 
Bacon. The honour of the discovery of the true theory of the tides 
is due to Sir Isaac Newton. 

^ We have seen (S and T, p. 257) that even the far sepa- 
rated planets exercise a disturbing influence on each other, 
in degrees proportional to their masses and the lessening 
of their mutual distances ; and if we have received the as- 
surance, which the fulfilment (Z, p. 220) of results pre- 
dicted in reliance upon the existence of such influences 
ought to inspire, we shall be prepared to receive, with less 
hesitation, the theory upon which astronomers account for 
the phenomena of the tides. 

P Although exerted at 400 times* the distance of the 
moon, the sun's attraction on the earth is very great com- 
pared with the moon's ; for her mass is to his but as one 
to twenty^seven millions ! But there is this important dif* 
ference of influence resulting from her nearness ; viz. that 



days of its following ten months ; hence, in the chronological notes 
of the almanac for 1844, against the words '* Dominical letter'* will 
be found G F. 

* It may be useful to repeat here, that if a common twelve-inch 
globe be taken to represent the earthf the moon may be fairly repre- 
sented by a good-sized cricket-ball, or a three-inch pocket^ globe, at 
^he distance of ten yards,- but the sun by a globe of a hundred and 
ten feet width (or such as might be made of two hemispheres like the 
dome of St. Paul's), placed at the distance «/ two miles and a 
quarter f 
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whOst, as we have seen (B, page 10), the earth's semi-dia- 
meter, or even her diameter, is almost JTisignificaiit when 
compared with the sun's distance, and the exertion of his 
great force is therefore scarcely different on those two parts 
of oar sur&oe which, at any time, may he nearest to him and 
ferthest from him, the moon's distance from oae such part 
of the earth's surfrioe is as much as one-thirtieth greater 
than her distance from the other : the surface nearer to the 
moon is, therefore, attracted by her considerably more, and 
the surface more distant from her considerably less, than 
the earth's central parts. The phenomenon of tiie tides is 
chiefly owing to this difference of her attraction. 

9 •< The tides are a subject on which many persons finds 
strange difficulty of conception. That the mcmn by her 
attraction should heap up the waters of the ocean under 
her, seems, to most persons, very natural : that the same 
cause should, at the same time, heap them up on the op- 
posite side, seems to many palpably absurd. Yet nothing 
is more true, nor indeed more evident, when we consider 
that it is not by her whole attraction, but by the dij^erenee 
of her attractions at the two surfaces and at the oentrei 
that the waters are raised." — Sir John Hersehefs Astro- 
nomy. 

^ If the earth were altogether a spherical mass of yielding 
fluid, like a ball of quicksilver, of her present size ; that is, 
if it were a body of which the parts were moveable one 
among the other with entire facility, those parts would, on 
account of this disparity of attraction of the moon, be all 
differently affected : — ^the sphere would become a spheroU 
with its longer axis directed towards the moon ; and if the 
moon revolved in an orbit around it, as now she does, tbe 
particles of such spheroid would all be in continual commo- 
tion, each being impressed by that different force of the 
moon's attraction which would be due to its diflferent dis- 
tance from the moon, to take its place in forming this sphe- 
roid, whilst the spheroid itself, luiving constanUy to adjust 
itself to the position of the moon as she moved eastward, 
could never be at rest. If, in addition to this, we suppose 
this spheroid to begin to rotate on an axis, we may under- 
stand that the commotion of its fluid particles woold be 
rendered much more complex than before. 
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^ Now the earth, although mainly a dense solid body 
(T, p. 173, note), has a fluid distributed over three quarters 
of its surface. The parts of this fluid at any time most 
distant from the moon are, of course, least of all affected by 
her ; and thus the huge solid ball itself (attracted as if its 
whole mass were at its centre) is drawn away in a minute 
degree from those fluid parts, and they so far become pro- 
tuberant. The fluid surface at the same time nearest to 
the moon, from its very mobility as fluid, is more at liberty 
than the solid bed on which it lies to obey the moon*s at- 
traction, and is thus still farther drawn towards her. 

T <* In fact, the earth is constantly falling to the moon, 
being continually drawn out of its path : the nearer parts 
more, and the remoter parts less, than the central ; and 
thus, at every instant, the moon's attraction acts to force 
down the waters at the sides, at right angles to her direc- 
tion, and raise it at the two ends of the diameter pointing 
towards her.*' — Sir John HerscheL 

^ We are, then, living on a globe the outline of the waters 
of which tends to a spheroidal figure ; but we must remem- 
ber that our dwelling-place is rotating on its axis whilst 
under this attracting and disturbing influence of the moon : 
— In consequence of their inertia, the waters cannot wait 
to perfect this spheroid ; but having been affected by the 
moon's attraction to muster under her, they are carried 
past her, and go forward to attain their greatest accumu- 
lation. 

" If the tides be considered relatively to the whole earth 
and open sea, there is a meridian about 30^ eastward of the 
moon where it is always ' high water,' both in the hemi- 
sphere where the moon is, and in that which is opposite. 
On the west side of this circle (meridian) the tide is flowing, 
on the east it is ebbing ; and on every part of that meridian 
which is 90° distant it is low water." — Mrs. Somerville's 
Con. ofPhys, Sc, p. 114. 

w This great swell of the waters is sometimes augmented 
and sometimes diminished by the water of another swell of 
similar form raised by the sun ; but which is much smaller, 
owing to the greatness of his distance, which, as before 
stated, is such as to render the width of our globe nearly 

2o2 
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inaignificant ; so that, unlike the moon, he affects all portions 
of our waters by nearly equal attraction. When the moon 
is in " Byzygy>" that is, on the same or on the c^posite 
semi-meridian with the sun, and therefore " new" or ** full/* 
this solar wave combines with the lunar one, and ve have 
our highest or spring tides ; but when she is " in quadra- 
ture," or has 90° difference of Right Ascension, this small 
solar tide wave tends to fill up the interval between the 
two lunar ones, by robbing each of them of a portion of its 
mass ; and we, consequently, experience our lessened or 
'* necqf " tides, which neither rise so high nor sink so low 
as the spring tides. 
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j^ o Let R O be taken to represent 

what might be the orbitnal patii o 
E the earth if it were nndistnrbed bf 

the moon. Then £ (in the nfper 
part of the cut) may represent the 
.. relative positions of the moon and 

**«S^ earth at the time of " full moon," 
and the spheroidal form (necessa- 
**.. rily much exaggerated) which the 
S watery covering of £ would assume 
whilst falling toward M (as de- 
scribed in S and T, p. 341). 
Q / '^ In such a position, it is evident 

M. I that the high water on the fiuther 

side of £ from M is due, not only 

to its being less attracted and, as it 

were, left behind whilst £ Is being 

drawn away toward M ; but also 

S to the direct attraction of ^ 

/^^ opposite S (the sun, in the direc- 

^Sl tion shewn by the index). In the 

\x position represented in the middk, 

\ the two high tides raised by M tiie 

'•. moon (now in quadratnre) are 

^ . lessened by what is due to the 

direct attraction of flie sun ; for 
S he evidently robs each of them, br 

partly filling up the interval an^ 
thus preventing the occurrence of so high or so low a tide as in tbf 
former case. In the third or lowest representation (of new moon}, 
the two high tides are occasioned by the combined attractions of tltf 
sun and moon, and the result is like that first represented. 

^ The moon, in performing her monthly ellipse aboot 
the earth, is alternately at her greatest and least distance 
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from tts. When "new" or "full" at or near the time 
of her Perigee, her attraction being then most forcible, 
(if other circumstances do not exist to counteract it,) we 
have our spring tide much increased, and the succeeding 
spring tide (about a fortnight after, when she is in Apo- 
gee), considerably diminished. 

^ The declination of the sun and moon, also, affeots the 
mass of the tidal wave, since the effect of either of these 
bodies is greater the more nearly it coincides with the plane 
of our Equator. We have attended (in Prob. G,) to 
the moon*s nodes, and have seen how the situation of tkese 
constantly shifting points affects her declination. The va- 
riation of the height of the tides must hence, in some mea- 
sure, conform to a " cycle of the moon's nodes " (p. 307» 
note). 

At the Equinoxes, or very near them, a spring tide 
would be the greatest possible if the moon's declination, 
like the sun's, were 0, and she were in Perigee. 



^But what has been thus introduced refers, properly, to a 
globe covered with water. The Caspian, the Black Sea, 
the Baltic, and even the Mediterranean *, have little or no 
senuble tides. " The disturbing action of the sun and 
moon can only become sensible in a very great extent of 
water : it is evident that the Pacific Ocean is one of the 
principal sources of our tides." Part of the great tide wave 
raised in the Pacific, obeying the motion impressed upon it 
by the rotation of the earth, is transmitted around South 
America and, proceeding northward up the Atlantic, at one 
time combines with the tidal wave of that ocean, and at 



* When Alexander led his Greeks to the mouth of the Indus, in 
order to attempt to open an intercourse by sea between his Persian 
dominions and farther Asia, their astonishment was excited by the 
rise and fall of the tides. When the Romans, who, like the Greeks, 
had been acquainted only with the Mediterranean, first invaded the 
countries open to the Atlantic^ the tides were an object of wonder 
and terror to them. 
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anodier time opposes it. After being variously reflected by 
the shores of AMca and Europe, s^l coming northward, 
it " pours through the British and Irish Channels into the 
North Sea." 
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In the cut, let F, E, S, I, N, and H, represent France, Snglui 
Scotland, Ircdand, Norway, and Holland, and a, h, and c, the tidalvtve 
in its progress from the Atlantic, whence it maybe supposed to have 
arrived at three o'clock, and to stretch, as drawn from the iflluMi 
Ouessant, on the coast of France, towards the north-west 

This portion of the great wave becomes divided, by the impediments 
of our coasts, into its parts a, 6, and c,— one part passing up the 
British Channel, another making its way through the Irish Cluuinel, 
and the third ranging in the more open sea, with greater rapi^ty, 
along Ireland's western coast. The first (c) flowing through tbe 
British Channel, at eight o'clock will have proceeded to the Ide ^ 
Wight and, passing through the Straits of Dover, will reach the Nor 
about twelve at night. The second (b) by eleven at night, will netriy 
have reached the north-east coast of Ireland. The third (a) bemg in 
the more open sea, as early as six o'clock will have reached the 
northern extremity of the Insh coast ; by about nine arriving it the 
Orkneys and forming a ridge or wave, extending due north. At twdfc 
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tke Buninit of the same wave will extend from the coast of Buchaii 
eastward, to the Naie of Norway ; and in twelve hours more, having 
dispensed '* high water^* to Denmark, Holland, and the various ports 
of our eastern coast, it will reach the Nore and meet the morning 
tide jvst arriving from the Atlantic* 

" On the coast of France, and in the British Channel, 
the highest spring tides are about two days after " Syzygy." 
but at London they are later, for the tides at London are 
caused by the wave (as a) which descends along the eastern 
coast of Ghreat Britain, and which meets off the coast of 
Kent, a tide produced twelve hours later/* — Treatise on 
the Tides, by J. W, Lubbock, Esq., p. 29. 

Thus ** the tides on the shores of the Atlantic, which 
are afterwards propagated around Great Britain, must be 
considered as due to the attraction of the luminaries at the 
time of a distant transit : — For example, the tide at the 
London Docks on Wednesday afternoon, is produced (in 
the Pacific Ocean.) by the attraction of the luminaries on 
Monday morning." — Lubbock, p. 28. 

^ " A flood arriving at the mouth of a river, must act pre- 
cisely as the great wave does. It must be propagated up 
the river in a certain time, and we shall have high water at 
all the different places in succession. This is distinctly 
seen in rivers. The most remarkable instance of this kind, 
is the Maragnon or Amazon river, in South America. It 
appears from the observations of Condamine and others, 
that between Pftra, at the mouth of the river, and the con- 
flux of the Madera and Maragnon, there are seven co- 
existent high waters, with six low waters between them. 
Nothing can more evidently shew that the tides in these 
places are nothing but the propagation of a wave." — En^ 
cychptedia Brit, 

^ The tide wave of the German Ocean, or our eastern 
coast, takes twelve hours to travel from the mouth of the 
Thames to London Bridge ; consequently, by the time of 
its arrival at London, there is a new tide at the mouth of 
the Thames and low water nearly midway to London. 

P Hiere are frequent irregularitiea in the height oi the 

_ .^ _^ _ _ _ ■ _^ _ -|__T-_ I^IMfcM M^M ■ ■ ^^ ■ ■ ■ ^ M __1 l__a^^^^^ ■ .-M^ 

* See FamiHar Lectures on Astronomy, by the late Mr. Williani 
Phillips, F.L.S. 
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tides, ariBiiig from strong winds, heavy nuns, and land 
floods. A stnmg gale, acting at the distance of hundreds 
of miles on the crest oi the wave as it is still travelling in 
the open ocean, will evidently affect the arrival, as well as 
the height, of a tidal wave, derived from that q[aarter. The 
hreadth of a channel or river, as well as its constantly 
changing hed, its hanks, its shallows, its sinuosities, mate- 
rially affect the time, as well as the height of the tide. 
" It would appear that high water at London, at fnll and 
change of the moon, was A.D. 1213, more than an hour 
later than at present." — Lubbock. 

^ The high water mark at London, is between twenty- 
two and twenty-three feet ; but the sea is so pent np in 
the British Channel, that the tides sometimes rise as much 
as fifty feet at St. Malo (coast of France). At Anm^pohs, 
(west coast of Nova Scotia,) the tide is said to rise 120 
feet; whereas, on the shores of some of the South Sea 
islands it does not exceed eighteen inches or two feet. 
llie tides are barely perceptible in very high latitudes, and 
probably do not reach the poles. 



Recapitulation, 



^ Suppose it to be six o'clock on Monday evening, and 
the moon just to have completed her first quadrature, and 
therefore to be on our London meridian at this time : — ^We 
may remember that about twelve hours twenty-five minutes 
before this, she was crossing the lower meridian, and was 
therefore vertical over a spot in the midst of the Pacific 
Ocean. The whole of the waters of that vast expanse 
were then, by the interfering attraction of the moon, dis> 
turbed frt)m that outline to which the attracting force d 
the earth's whole mass is ever enticing them ; and, at that 
moment, each drop or particle may be said to have been 
impressed with an inclination, strong in proportion to its 
nearness to the spot over which she was shining, to make 
its way towards that spot, and thus to help to form an 
ocean with an oval outline, the highest part of which should 
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be underneath the moon. But meanwhile, each drop was 
compelled to ohey also the earth's rotation ; and that too, 
as the pupil knows, with a velocity in accordance with its 
particnlar latitude ; so that the exact place in the oval outline, 
which the attraction due to each drop's individual distance 
from, the moon would have led it to assume, could not he 
taken by it ; and in addition to this, the precise spot to- 
vrards which the water had been attracted was no longer 
the spot of attraction, for, in consequence of the earth*8 
rotation, the moon was only for an instant in the zenith 
there. 

The whole consequence of these circumstances, was the 
production of "an immensely broad and excessively flat 
wve (not a circulating current), * * * * 
'Wlien the higher or lower parts of this wave strike the 
coasts, they experience what we call high or low water."* 
^ The question arises, what became of this state of dis- 
turbance of the equilibrium of the ocean so caused ? Has 
it yet subsided ? It has not, for the same cause that the 
vibrations of a pendulum cannot at once subside^the exist- 
ence of inertia (D, p. 207). The undulations of the body 
of water so raised, are even now being propagated, by im- 
pression from body to body of the waters of our globe. 
The moon which now, (Monday, six p.m.,) is beginning 
similarly to trouble the less expanse of the Atlantic, (to the 
middle of which she will be vertical in two hours' time,) 
beholds the consequence of her morning work in the Paci- 
fic, in the transmission of a portion of the swell she then 
caused around Cape Horn, into the Atlantic ; and she may 
view it, during her operations of the next four hours over 
that sea, at one time combining with and augmenting, at 
another time tending to oppose and efiiEU^, that very wave 
vehich is the immediate consequence of her present attrac- 
tion there. 

^ The great tidal wave ib of course imperceptible to those 
•who may be navigating its surfece, except near the shores, 
on account of its great extent and excessive flatness ; for 
it stretches from Africa to America, and dispenses high 
-water to the shores of each ; but it will still hold on its 

* Sir John HerscheL 
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northward way with greatTelodty, (preceded and followed, * 
at ecpial pace, hy siimlar waves of earlier and later origin,) 
until having, on Taesday afternoon, reached the north- 
westem coast of France, its eastern edge will find an inter- 
ruption on the southern coasts of Great Britain and Irehmd, 
and divide into portions, which will proceed (at different 
rates, hecause of the difference of impediment,) up and 
around the coasts of our islands, to lift the cargoes of our 
ships and furnish, at London, the Wednesday business of 
our wharfs with its " nerves and sinews." 



" B8TABLX8HHEMT8 " OF DIFFEfiSNT FOBTS, BTC. 



^ The moon, if new or full at the noon or midnight of any 
place, must be crossing the plane of the meridian of the 
place at that time. The interval between such a culmina- 
tion of the moon at any port and the next " high water" 
there, is called the establishment of that port : — ^The estab- 
lishment of London is about two hours. 

But although it is usual thus to refer the time of high 
water to the transit of the moon next preceding it, as if her 
latest approach were the immediate cause of the phenome- 
non, such is not the case, as we have seen; for as she 
ceases to have any sensible influence on the tidal ware 
after its arrival in the narrower seas, in a river like the 
Thames both the present swell, and that which will be its 
successor after the lapse of another twelve hours, most 
already have travelled a considerable distance unchanged 
by the attraction of the moon, even before the time of her 
rising. 

* The pupil will need again to be reminded, that it is not so much 
the body of water that travels, but the impression of its motion thit 
is propagated or communicated (see G, p. 207). 
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Mr. Lubbock, who, as well as Mr. Whewell, has been 
much occupied in investigations on this intricate subject, 
^ives* a table, from which the following is extracted, re- 
ferring to the operations of the sun and moon at various 
mgular distances from each other, and under average cir- 
mmstances of declination, nearness, &c. ; but at an in- 
lerval of more than two days before the effect of those 
3perations is discerned in London river in the flow of our 
" tide." 

TABLE. 

The angular distance of the sun and moon from each other, may he 
inferred from the time of the moon's coming to the meridian. The 
interval given shews, when added to the time of the moon's culmina- 
tion, the time of high water at the London Docks : — ten minutes more 
are to he added for the time of high water at London Bridge, 



rimeofD's 
transit. 


Interval. 


Height 
in feet. 


Time of}) '8 
transit. 


Interval. 


Height 
in feet. 


h. m. 


d. h. m. 




h. m« 


d. h. m. 




12. 


2.3.16 




6. 


2 . 2 . 56 




12.30 


2.3. 7 


22f 


6.30 


2.3.11 


m 


1. 


2 . 2 . 59 




7. 


2 . 3 . 27 




1.30 


2.2.51 


22^ 


7 .30 


2 . 3 . 42 


20 


2. 


2 . 2 . 43 




8. 


2 . 3 . 50 




2.30 


2 . 2 . 36 


22 


8.30 


2 . 3 . 63 


2Cf 


3. 


2 . 2 . 30 




9. 


2 . 3 . 52 




3.30 


2 . 2 . 26 


211 


9.30 


2 . 3 . 50 


24 


4. 


2 . 2 . 24 




10. 


2 . 3 . 45 




4.30 


2 . 2 . 24 


20 i 


10.30 


2 . 3 . 38 


22J 


5- 


2 . 2 . 29 




11 . 


2.3.31 




5.30 


2 . 2 . 38 


20 


11 .30 


2 . 3 . 23 


221 



• See ''Elementary Treatise on the TideSt'* by J. W, Lubbock, 
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PROBLEM M. 

CSLB8TIAL OLOBX. 

To find the time of high water at the London Docks, or 
certain other places, on a given day. 

RuLX. — 1. Find the time of the moon's " southing" at 
Ghreenwich on the day next but one before the given date. 

2. Look out, in the left-hand column of the little table 
given on p. 349, for the time agreeing most nearly with this 
time of the moon*s southing, and against it will be seen the 
interval to be added to shew the time of high water at the 
London Docks on the given day. 

*^* If the time of the moon's southing, so found for the 
day next but one, was in its forenoon, and the addition of 
the interval produces more than two days twelve horns, the 
excess will, of course, shew the time of high water in the 
afternoon of the proposed day ; but if the moon's southing 
was of the afternoon, and the addition of the interval pro* 
duces more than two days twelve hours, the excess shews 
the time of high water in the morning of the day succeeding 
the proposed one. The time of the preceding tide maf 
be found nearly, by deducting twelve hours twenty-fi^ 
minutes. 



Ex. I. What was the time of high water at Lond(» 
Bridge on the 22d June, 1841, the moon having "southed' 
at nineteen minutes past one f.m., of June 20th ? 

Here, looking in the table for the nearett time, I take the intern! 
placed against one hour thirty minutes, and ad^g it to one boor 
nineteen minutes, I get two days four hoars ten minutes, shewnf 
the time of high water at the London JOockson the 22d of June, t* 
be ten minutes past four p.m. I afterwards add ten minutes to tlii^ 
for the time of high water at London Bridge, and the result diS^ 
only nine minutes from the time given in the ephemeris. 

Ex. 2. Find the time of high water at London Bv^ 
on the 2d of July, 1841 ; the moon having <* southed," or 
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:ome to the meridian of Ghreenwich, on the 30th of June, 
It nine hours forty-three minutes p.m. 

I find in the table against ten hours, the interval of two days three 
tours forty-fiye minutes ; and adding it to nine hours forty-three 
ninutes, I get two days thirteen hours twenty-eight minutes. This 
ikes me to the 3d of July, one hour twenty-eight minutes a,u., for 
ligh water at the London Docks, and one hour thirty-eight minutes,* 
n high water at London Bridge. The high water of the afternoon 
f the 2d of July, was twelve hours twenty-five minutes before this, 
>r at one hour tiiirteen minutes p.ic. (very nearly). 

Ex. 3. What was the time of high water at the London 
Docks, and what was its height there, on the 24th of 
September, 1841, the moon having culminated at six 
lours P.M., on the 22d of September ? 

Ex. 4. What was the time of high water at London 
Bridge on the 5th of December, 1841, the moon having 
'southed" at four hours two minutes a.m., on the 3d of 
December ? 

Ex. 5. What will be the time of high water at London 
Bridge, on the 27th of December, 1841, the moon " south- 
ing" at nine hours thirty-eight minutes in the afternoon of 
Christmas day ? (see *^* following the Rule.) 

Ex. 6. The moon's longitude on the 7th of August, 1 841, 
was 11^ Y^ 28'; at what timet did she culminate on the 
8th of August, and what was the time of high water at 
Liondon Bridge on the 10th of August ? 

Ex. 7. The moon's longitude on the 30th of August, 
^B41, was 10° ;k: 34' ; at what time was her southing on 
that day, and what was the time and height of high water 
at the London Docks on the 1st of September.^ 

The time of high water at London Bridge heing ascertained, the 
times of tide at other places are to he found by Uie addition or de- 
duction of certain differences given in ** tide tables ;'' but local cir- 
cumstances frequently occasion irregularities, and no such table can 
predict correctly for every given place. 

Thus, hamg the time of high tide at London Bridge, for 
the time of high water at 

h. m. 

Brighton sub, 3 . 1 

Cowes sub, 3 . 31 

* Within eight minutes of the true time, as given in the almanac, 
t The soutMng must be found by Problem D, p. 312. 
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Dover Harbour 


. sub. 


h. m. 
2 . 52 


* Flamborough Head 
Gravesend 


add 
. sub. 


2 . 
0. 54 


Hull Dock Gate . 


add 


4 . 8 


* T<nnd*8 End . 


. add 


2. 


Liverpool 
liowestoff 


sub. 
. add 


2.45 

7 .20 


Margate Roads 

Nore . . . . 


sub. 
. sub. 


2.52 
1 . 9 


Portsmouth Harbour 


sub. 


2.27 


Shields 


. add 


0.20 


Woolwich 


sub. 


0.25 


Aberdeen . . . . 


. sub. 


J .22 


Leith .... 


add 


0. 13 


Cork 


. add 


2.25 


Dublin .... 


add 


5 . 


Boulogne . . . . 
Brest .... 


. sub. 
add 


3 . 37 
2.23 



Ex. 8. Find the time of high water at London Bridge, 
on the 19th of May, 1841> Uke moon having " southed" 
there at eight hours and three quarters a.m., of the 17th; 
and from this high water determine, by the differences 
given in the above list, the times of high water on the 
1 9th, at the undermentioned places :— 



Liverpool 


Gravesend 


Margate 


Land's End 


The Nore 


Flamborough Head 


Brighton 


Leith 


Brest 


Cork 



* In reading over the above table carefully, the pupQ will perodTe 
that LantPs End and Flamborough Head, have high water at die 
same time ; this is evidently owing to different tidal waves, thitflf 
Land's End being of later origin. (See cut on page 344.) It will be 
seen also, that the time of high water at Margate corresponds TCiy 
nearly to that of Liverpool; but this is the same high water, that is 
to say, the two places are supplied at the same time, by the one mn 
which, arriving from the Atlantic at our southern coast, dividss into 
parts, of which one, proceeding up St. George's Channel, reaches 
Liverpool by the time that another part proc^ding up the Enf^ 
Channel (and having passed Deal, &c.) arrives at Margate. 
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SIDBBBAL YBAB. SOLAB YBAB, BTC. 

We must again advert to the two planes of our table and 
button (p. 108), and the markings out of these planes on 
the wall, as representing the equinoctial and ecliptic in the 
sky ; — Y" E being their intersection, and representing, as 
before, the vernal equinox. 

^ It is stated in the lower half of p. 253, and in N, on p. 
254, that the oblateness of Jupiter's shape affects the 
motions of his satellites. In like manner, the oblateness 
of our rotating earth affects our moon ; the attraction of 
the protuberant matter of the equatorial regions causing 
inequalities in her latitude, and, to a small extent, also 
alternately augmenting and diminishing the inclination of 
her orbit to our ecliptic. Astronomers have even calcu- 
lated from these lunar inequalities, not only the compres- 
sion of the earth's spheroid, but also its increase in density 
towards the centre (2 of p. 260). 

^ But action and reaction are equal, and comparatively 
small as the mass of the moon is, those variations in her 
attraction on the earth's mass which are due to her being 
each week variously situated with respect to the slight pro- 
tuberance of the equatorial regions, combined with the 
sun's variation of position with re^eutl to those regions, 
have been productive of circumstances involving results of 
great historical interest. 
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f..- 




P If our table were to remain unmoved, and the te-to-tum 
button also were undisturbed during any number of times 
of its traversing the circumference of the table, the equi- 
noxes, or intersecting points, would of course remain un- 
disturbed also. But if anything should influence the but- 
ton plane whilst thus performing its 366 rotations, and 
completing its circuit upon the table, so as to tend to tili 
its edge and make it reel, ever so slightly, there must be 
a corresponding effect produced upon the lines on the wall 
with regard to their intersections. 

We know (K, p. 108) that it is from a point in the 
sky, represented by the intersection T E, that astrono- 
mers reckon in assigning places to the heavenly bodies. 
The oblique attractions of the sun and moon upon the 
redimdant matter accumulated about the earth's equator, 
cause a tendency to reel in the equatorial plane, and therefore 
such a change in the equinoctisd intersection in the heavens. 

^ The ball in the middle of our table, representing the 
sun, would seem, to the inhabitant of our te-to-tum, to be 
on the wall at the intersecting point T (and with any 
star at that point) when the te-to-tum was exactly at A, 
and the ball just intervened between A and E. Now our 
earth, so represented, is found to traverse its orbit from 
A, (where its inhabitants have the sun or ball with the 
star at E,) along the orbitual path A B C &c., (repre- 
sented by the groove,) around to A again, in exactly 363 
days, 6 hours, 9 minutes, 9 seconds; the sun (or ball) 
seeming, in consequence, to pass along the ecliptic line £> 
b, c, d, &c., (on the round wall,) to £ again. But in 
doing this, it really wUl already have passed the equinoctial 
point, for that point is not now at E, but at (e), and the 
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sun (or ball) will have appeared at (e), whilst yet our te- 
to-tum earth was at Z, not having completed its orbitual 
path in the groove to A, by twenty minutes twenty seconds. 
Still, as the equinoctial intersection, although thus re- 
moved, is the reckoning point, this shorter period will be 
the Solar year, consisting (as may be seen by subtracting 
the twenty minutes twenty seconds deficiency) of S65 days, 
5 hours, 48 minutes, 49 seconds. The whole revolution 
which brings the sun again to a star at £, the former place 
of the equinox, is the Sidereal year, 

^ The direct tendency of this disturbing influence of the 
sun and moon, is to bring the planes of the equator and 
ecliptic to coincide ; but ^e spinning of the earth on its 
axis resists this and preserves their inclination, and, with 
it, the periodical changes of our seasons, and all the bless- 
ings they bring us. The chief result being, as we have 
seen, the precession, or rather recession,* of the equinoxes, 
" a continual retrogradation of the node of the earth's 
equator (equinoctial) on the ecliptic." The entire reces- 
sion of T E, from the cause just noted, is about 50" -^^ 
annually ; but we have before seen (S and T, p. 257) that 
the ecliptic itself, like the orbitual plane of every other 
planet, is under a disturbing influence from the fellow 
members of the whole system ; and from this cause, the 
equinoctial points are aflected with a contrary, or direct 
tendency, at the rate of y^", so that the mean annual 
recession of T Ef is the difference of these, or 50" -j^ 
only, — amounting to 1° in 72 years. 

^ The pupil will readily understand that one effect of this 
slow, but constant, motion of the point from which the 
right ascension and longitude of a star are reckoned, is a 
change of those quantities themselves as assigned to that 
star ; and accordingly, it is only now that the sun of the 
20th of August is with Regulus, or that that star will cross 
our meridian when the sidereal clock (def. 53) is shewing 
nine hours fifty-nine minutes. 

T But the declination of a star is also changed ; — for, as the 



* RtcesHon, if we speak of '* the equinox'' as the intersectioii 
merely : precession, if we refer to the time of the sun's arrival at the 

1a. m • 



intersection. 
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equinoctial preserves its indinatioii whilst thus shifting its 
points of intersection of the ecliptic, it must, in time, come 
to Ue over totaUy different stars ; and thus, in the lapse of 
years, or rather of centuries, some stars will become north 
of it which formerly were south of it ; and others, now oi 
south declination, will have north declination ; the celestial 
pole or point, to which our te-to-tum peg or axis is directed, 
varying of course, in exact accordance, since it must always 
be Wf distant from every part of the equinoctial plane. 
Now we have learned, from various problems, how mudi 
the declination of a star affects its diurnal arc in any given 
latitude ; and thus, the times of the rising and setting of 
stars is very different at present, from those recorded in 
ancient astronomical allusions. 

^ The phenomenon of precession may be explained as a 
conical motion of the earth's axis, " in virtue of which it 
points successively to every part of a small circle round 
the pole of the ecliptic." Its " visible effect" on the as- 
pect of the heavens, consists of a slow forward apparent 
motion of every star along its parallel of latitude, for since 
the ecliptic and its pole are imdisturbed by precession, the 
latitude of the star is unaltered by it. If we look at the 
lines of celestial latitude on the celestial globe, we shall 
see how declinations, as well as right ascensions, are af- 
fected by this. 

^ About 1300 years B.C., the star « in the tail of 
Draco was very near the Polar point. The star of second 
magnitude in the tul of the Less Bear, — which, on account 
of its being a prominent one, and at the distance of \^° 
only from the vanishing point of the earth's axis, we csJl 
the Pole Star, — at the date of the earliest catalogues of the 
stars, had the earth's axis directed 12^ away from it. The 
axis will continue to be still more nearly directed to this 
star, until it points within ^° of it ; and the same slow 
change of the pointing of the axis, continued for nearly 
13,000 years from this time, would* cause it to be directed 
to within 5° of Vega (« of Lyra). 



• 2 Peter, 3 chap. (10-13.) 
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Ancient familiar allusions to the Risings and Settings of 

particular Stars, 

w " The Grreeks seem early to have seen the superior ac- 
curacy and determinateness of the celestial phenomena. In 
the didactic poem of Hesiod, this mode of marking the 
tunes of navigation and of rural labours is frequently em- 
ployed ; and its use was retained by the country-folk of 
bodi Gfreece and Italy far into the time of the Roman em- 
pire. Those who wrote on rural subjects or natural his- 
tory, employed it : we meet with it in Aristotle, as well as 
in Pliny and Columella."— Xw^A/foy'* Edition of Ovid's 
Fasti, (Introduction, p. xiv.) 

^ " The (Latin) poets teem with allusions to them, so 
much so that many passages must be unintelligible without 
we know the times at which certain stars or constellations, 
more particularly Capella, Arcturus, the Pleiades, and Orion, 
rose and set heliacally and acronyckally at those times and 
for those coimtries." — " Astronomy,** Library of Useful 
Knowledge, p. 169. 

Y * * * •« Rain, wind, and other aerial pheno- 
mena were held to be connected with the rising and setting 
of various signs ; the times of their risings and settings, 
both apparent and real, were computed by Meton, Eudoxus, 
and other ancient astronomers. The tables thus constructed 
were cut on brass or marble, and fixed up (whence they were 
called irapav^fiaTa) in the several cities of Grreece, and the 
peasant or sailor had only to look on one of these parapeg^ 
mata, to know what sign was about to rise or set, and what 
weather might be expected. Without considering the dif- 
ference of latitude and longitude, * the Romans borrowed 
the parapegmata, like every thing else, from the Greeks. 
The countryman, as we learn from Pliny (xviii. 60, 65), 
ceased to mark the steUar heavens ; a kalendarium rusticum 
siderale (Volum, ix. 14) taught him when the signs rose 
and set, and on what days he was to expect sacrifices and 
{e»tiYBl&:'—Keightley's Ed, Ovid*s Fasti. Introd, 



* The longitade could make no difference. 
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C08MICAL, ACfiONTCHAL, AND HELIACAL KI8IN68 AKD 

8BTTING8. 

2 Stan are 8ald to rise or set cosmicaUy * when they rise 
or set at sun-rise. 

Stars are said to rise or set acronychally t when they riae 
or set at sun- set. 

Those stars which, during the past month, have been 
yisible above the western horizon each succeeding evening 
for a shorter time than its preceding one, will be said to 
Bet heliacally X when, a few days hence, they first cease to 
be visible because of the sun's arriving into that part of the 
ecliptic from which, even as late as at their time of setting, 
his evening twihght can overpower them. 

Stars are said to rise heliacally, when, after having hid- 
den them in the splendour of his rays, the sun first gets so 
feur eastward of them as that his morning twilight can no 
longer overpower them at their rising. 



The Cosmic relates to the mom ; 
Acronych, to sun-set or " first night ;" 
Heliac, at eve or at dawn 
The horizon's condition in light. 

* Kofffios, the distributioii or order of things — the world, 
t cUpdwl, prima noxy the beginnmg (one end) of the night. 
X ^XiOKos, solar. 
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PROBLEM N: 



CELESTIAL GLOBE. 



Given the latitude, to find the time of year at which a 
particular star now rises or sets cosmically, acronychally, or 
heliactUly, 

Rule. — Rectify the globe for the given latitude, and 
attach the quadrant to the declination in the zenith : Then, 

I, With regard to a given star at its rising : — 

Bring the star to the eastern, or rising, edge of the ho- 
rizon ; — and, keeping the globe from rotating, 

1. Look for the degree of the Ecliptic rising with the 
star : — this will shew tiie day on which (in the present age 
of the world) the star rises cosmically. 

2. Find, by the quadrant, that degree of the Ecliptic 
-which is only 1 2 * degrees below the eastern horizon : — 
this will shew the day on which the star rises heliacally, 

3. Look for the degree of the Ecliptic coinciding with 
the western or setting edge of the horizon : — this will shew 
the day on which the star rises acronychally. 

IL With regard to a given star at its setting : — 

Bring the given star to the western, or setting, edge of 
the horizon ; — then, keeping the globe from rotating, 

1. Find, by the quadrant, that degree of the Ecliptic 
which is 12* degrees below the western horizon: — this 
will shew the day on which the given star sets heliacally. 

2. Look for the degree of the Ecliptic setting with the 
star : — this will shew the day on which the star sets aero- 
nychally, 

3. Look for the degree of the Ecliptic in the eastern 
horizon : — this will shew the day on which the star sets 
cogmically, 

* If the given star be only of the second magnitude, 13 degrees, 
&c. (see page 133). 
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Ex. 1. At what time of year does Aldebaian nowiise 
cosmically, at what time heliacally, and at what time acro- 
nychally, at London ? 

AMW9r, CoflmicaUy, Id'' n (8th June)— heliacally, IS'' S (7th 
July)-— acronychally, 11^ f (8th December). 

Ex. 2. On what day of the year does Aldeharan now set 
heliacally, on what day does it set acronychally, and on 
what day cosmically, at London ? 

Anawer, Heliacally, 14? o — acronychally, 2° n — cosmicaBy, 

Ex. 3. On what days of the year does Sirius now nse 
at Rome (latitude 42°), cosmicaUy, heliacally, and acrony- 
chally ? 

Ex. 4. On what days do these several risings of Sirios 
take place at Alexandria (lat. 31°) ? 

Ex. 5. On what three days does Spica (« of Virgo) set 
heliacally, acronychally, and cosmically, at Madrid ? 

Ex. 6. In the evening of what day might Antares be 
seen to set for the last time, in a clear horizon, in lat.Sl^^ 
N. ; and in the morning of what day will it first be seen in 
that latitude, after having been involved in the sun's rays. 
(See Z, p. 358.) 

Ex. 7. For how many days longer is this star (Antares) 
visible in the evening at Madrid than in the latitude of 
London } 

Ex. 8. What are the cosmical and acronychal risings of 
Castor at Edinburgh and at Gibraltar ? 

Ex. 9. On what day does 5 (in Orion's girdle) rise cos- 
mically at London ; and how many days after will it J* 
sufficiently removed from strong twDight to be seen at its 
rising, in the morning ? (See note on last page.) 

Ex. 10. On what day, at Greenwich, does 5 in the gWl* 
of Orion rise at sunset ; and at what altitude will it be when 
the sun on that evening becomes 1 3° depressed, and tb? 
whole constellation may be plainly discernible ? 
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Exercises concerning the effect of Precession on the places 
of the Stars in relation to the Equinoctial and its Poles, the 
Equinoxes, Solstices, SfC. 

I. With regard to their Longitudes : — 

Since the lines of celestial longitude (drawn from the ecliptic and 
converging in the pole of the ecliptic) all refer to the intersection at 
the first point of Aries, the consequence of the westward or retrograde 
shifting of this point is a westward shifting of each of these lines also ; 
and, therefore, an apparently forward motion of the stars themselves 
along their several parallels of latitude ; hence, 

RuLB. — The number of degrees of any proposed change 
in a star's longitude multiplied by 72 (R, p. 355), will shew 
the number of years occupied in producing that change. 
Or, — If the time be given and the change demanded, the 
longitude wiD be 1° less for every 72 years elapsed, or 1° 
greater for every 72 years to come. 



Ex. 1. How long is it (nearly) since the two remark- 
able stars in the Goat's head had longitude 10 signs pass- 
ing through them ; and how many years hence will their 
longitude become 10s. 5° ? 

Answer . Their longitude at present is 10 signs 1 J^ : — Whence, on a 
celestial globe constructed 72 years X H, or 108 years ago, these 
stars must have had longitude 10 signs passing through them ; and in 
72 yrs. X 3^, or about 250 years hence, their longitude will be 
10 signs 5*^. The pupil may readily perceive that, when this time 
shall come, not only their times of culmination must be different, but 
that their declinations also will be a little less south, and their diur- 
nal arcs, &c., consequently altered in any given latitude. 

2. What is the present longitude of the chief of the 
Pleiades ; and what will be its longitude in about seventy- 
two years } 

Ex. 3. What was the longitude of jS of Aries about 80 
^ears ago ; and what will be the longitude of a of Aries as 
aid do'wn on a globe published about 36 years hence ? 

Bx. 4. How long is it since the star fi of Aries had lon« 
^itude 0, and the Equinoctial point T "was consistent with 
ts constellation? 

2i 
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Ex. 5. Look at Algenib (y of Pegasus) and a of Audio- 
meda ; observe their present positions with, respect to the 
Equinoctial colure ; and state what you judge would be the 
difference of their positions with regard to that line on a 
globe made in 1741. 

Ex. 6. Refer to a and {* of Perseus, and state how yoa 
would expect to see them in longitude on such a globe as 
that just mentioned. 

Ex. 7. There will be a time when longitude 5 signs 
will have shifted back to coincide with Regulus ; and when, 
consequently, that star, instead of being with the sun on 
the 20th August, will be with him on the 23rd August :- 
how long hence will this be ? 

Ex. 8. How long * is it, think you, since Castor came 
to the meridian wit]b the sun on our 7th July ? 

Ex. 0. How long must it be before y of Bootes will have 
the same longitude that 8 of Bootes now has ? f 

Ex. 10. According to certain Chinese authors, Tcheon 
Kong, Regent of China, 1100 before Christ, observed that 
the R. A. of the Winter Solstice exceeded by 1° 58i' that 



* Castor is near the Ecliptic, otherwise we should not ha^e pnttbe 
question in this form ; because, as precession causes a change in tbe 
polar point, the globe would require to be differently suspended. 

t Nutation may be noticed here. — It has been mentioned that the 
precession of the equinoxes, the effect of which is this slow aj^arent 
motion of a star in longitude, is mainly caused by the undue attitc- 
tion of the moon upon tiie equatorial regions. As far as 7 of Bootes. 
for instance, is affected by precession, it apparently proceeds alotf 
its parallel of latitude (50°) ; but the star is found also to have tf 
apparent osdllatory motion, so as alternately to deviate a verj mi- 
nute quantity, first on one side of its parallel and then on the otbff 
side of it, in the course of nineteen years. The pupil will reooUeci 
that this is the period of a cycle of the moon's nodes (no/e, p* 9^' 
and, accordingly, the phenomenon is traced by astronomers to tb 
varying positions of the lunar orbit, as presenting the moon's attivt 
ive force to the earth somewhat differently throughout that cyde. 

As precession is conveniently referred to a motion of the esrtli's 
axis, as if it slowly revolved about a cone, so the additional pho^ 
menon of nutation (a nodding) is referred to the same cone; ti^ 
whilst the earth's axis so revolved about it, it were finely fluted ft* 
the vertex to the base, and thus caused the axis to have also atreool^ 
or ** nodding ** motion. 
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of the star* now marked « in Aquarius : — Is there reason, 
from this, to give credit to the Chinese record ? 

II. With regard to the effect of precession on Declinations, 

Diurnal Arcs, SfC. 

Rule. — Still using 72 as the number of years required 
for the change of one degree in the longitude of a star, if 
the proposed number of degrees of change be multiplied by 
7% the time will be shewn ; and the declination may rea- 
dily be found (nearly) by a consideration of the relative 
positions of the Equinoctial and the longitude proposed. 



Ex. 1. When had a of Piscis Australis (Fomalhaut) the 
longitude that fi of that constellation has now ; what then 
ixms its declination, and did it then ispend a longer or a less 
time above the horizon in our latitude ? 

Here, since the longitude of Fomalhaut must have changed about 
six degrees, about 430 years must have elapsed. The declination of 
the star fi is about 2}° more south than the present declination of 
a : — Whence, since 430 years ago, Fomalhaut held the same position 
with regard to the southern pole of those days, that fi now has with 
regard to the present one, Fomalhaut spent rather less time above 
the horizon of London than it does now. 

Ex. 2. When 7 of Bootes shall have the same longitude 
that 8 of Bootes has now, what will be its declination ; and 
how far removed from the present north polar point of the 
heavens will the north polar point of that age be ? 

Ex. 3. What is the present diurnal arc of y of Bootes at 
Greenwich, and what will it be when it shall have declina- 
tion like that of 8 of Bootes ? (Prob. VI. p. 78.) 

Ex. 4. How long is it since 1^ £^, or the point of the 
Autumnal Equinox, crossed the ecliptic in the longitude of 
V of Virgo ; — ^what is the present declination of that star, 
and what was its declination then ? 

Ei. 5. Refer to Dubhe (a of Ursa Major) ; — find how 
long it is since its longitude was only 4 signs, and state 
what its declination must have been then, and how much 
farther, consequently, it was from the zenith of latitude 60° 
^hen culminating in those days, than it is at present.^ 

* Above the neck of Capricomus, and nearly half-way between a 
of Capricomus and fi of Aquarius. 
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Ex. 6. How long is it since the equinoctial crossed the 
ecliptic in that point which is now marked 19° ^ : — what 
then was the declination (neaily) of f of Virgo ; vhat is 
now its diurnal arc ; and what was it then* in latitude 
66° N. ? 

Ex. 7. When, (as last jnoposed) the autumnal equinox 
passed through our present 19^ £^, what was the declina- 
tion of Spica (nearly), and did it then spend a longer or a 
shorter time above our horizon ? 

Ex. 8. When the Equinoctial shall cross the ecliptic in 
19° £^» what will be the rising and setting amplitude off 
of Virgo at the equator, since there the amplitude alvap 
equals the declination ? 

Ex. 9. There was a time very near that referred to in 
the question just given, when the autumnal equmox coin- 
cided with the present 'longitude of Arcturus : — was this 
earlier or later, and what was the declination of Arctoms 
then (nearly) ? 

Ex. 10. At what distance from the present polar point, 
was the pole of those days (U and V, p. 356) ; and—sinoe 
no northern star can be seen in a soutiiem latitude greater 
than its co- declination, — beyond what south latitude coold 
not Arcturus then have been seen ? 

Ex. 11. How far beyond the south latitude justftnoul 
may Arcturus now be seen; and to 'what nortli latitode 
does that star now rise and set, to which, in the age jost 
found, it was constantiy above the horizon ? 

Ex. 1^. Tracing from a of Lyra, eastward along its lati- 
tude (above parallel 60^ to tiie solstitial colure, (long* 
3 signs,) we go over the path of that star's apparent 
change of position as caused by the precession of the Equi- 
noxes, during many thousands of years. But, as we may 
see, it will thus become the pole star : — ^what will have been 
its change of longitude, and how many years must elapse 
from the present time, before the very slow change in the 
pointing of thd earth's axis shall have accomplished s^ 
great an alteration in the apparent positions of the stars' 

* f of Virgo had then the diurnal arc that any star now has ^ 
has declination like that which { of Virgo then had. 



I 
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On the application of Astronomical Observation, S(C,, to 

Chronology. 

" Many ages of the world elapsed before the mode of 
computation by dating events was generally adopted. 
Even in Herodotus and lliucydides, we find no regular 
dates for the events recorded in their histories * * * 

" The chronology of the early parts of history is full of 
uncertainty. Even after the adoption of dates, we find 
the early historians very inaccurate in their computations. 
Ancient chronology is a long perspective, bounded by im- 
penetrable clouds, which are fliinly chequered with a few 
glimmerings of doubtful light. In the fabulous and heroic 
ages precision is not to be expected. But lamentable is 
the uncertainty respecting some of the most important 
parts of history, such as the number of years elapsed since 
the Creation, the origin of the Chinese empire, the Eg3rp- 
tian dynasties, the reign of Sesostris, the rise and fall of 
the Assyrian empire, the chronology of the kings of 
Babylon, of the Median monarchs, and even of the succes- 
sors of Alexander the Great." — Introduction to Valpy's 
Poetical Chronology. 

But, besides the assistance given to chronology by the 
transmission of dates of many important events by medals, 
monuments, and their inscriptions, the uncontroverted eras 
of the Deluge, the Gh*eek Olympiads, the foundation of 
Rome, the birth of Christ, the Mdiometan Hegira ; — 

A recorded "astronomical observation of any striking 
and well marked phenomenon, carries with it, in most cases, 
abundant means of recovering its exact date, when any 
tolerable approximation is afforded to it by chronological 
records ; and so fiar from being abjectly dependent on the 
obscure, and often contradictory, dates, which the com- 
parison of ancient authorities indicates, is often itself the 
surest and most convincing evidence on which a chronolo- 
gical epoch can be brought to rest. Remarkable eclipses, 
for instance, now that the lunar theory is thoroughly un- 
derstood, can be calculated back for several thousands of 
years, without the possibility of mistaking the day of their 
occurrence." — Sir John Herschel, Ast.,p, 414. 

2i2 
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" The ancient state of the heavens may now be com- 
puted with great accuracy ; and by comparing the results 
of calculation with ancient observations, the exact period at 
which they were made may be verified if true, or, if fedse, 
their error may be detected'* ♦ * * 

" The places of the fixed stars are affected by the pre- 
cession of the equinoxes ; and as the law of that variatioD 
is known, thdr positions at anytime may be ccxnputed/' 

" It is possible that a knowledge of astronomy may lead 
to the interpretation of hieroglTphical characters. Astro- 
nomical signs are often found* on the ancient Egyptian 
monuments, probably employed by the priests to record 
dates. The author had occasion to witness this most in- 
teresting application of astronomy, in ascertaining the date 
of a papyrus sent from Egyyt. * * The manuscript 
was found in a mummy case; it proved to be a horoscope 
of the age of Ptolemy, and its ^te was determined ^m 
the configuration of the heavens at the time of its constrac- 
tion." — Mrs. Somervitte, p. 104. 



PROBLEM P. 



CELESTIAL GLOBE. 



To find the time elapsed since the recorded heliacai, acrth 
nychat, or cosmical rising or setting of certain stars. 

Rule. — Rectify the globe for the given latitude, and note 
down particularly, the latitude of the star ; then, 

1. For the recorded cosmical rising : — 

Bring that degree of the ecliptic which is the son': 

* There are some of these interesting references to be seen in tbt 
British Museum ; for instance, that on the interior of the lid of tb^ 
Tery ancient mummy coffin in case Q ; and that in the interior of t^ 
coffin lid in case BB£. 
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place for the given day to the eastern horizon, and, with a 
soft pen, make a very small dot exactly on that part of the 
globe which is of the star*s latitude, and is also rising. 
The degrees of difference between the longitude of this 
mark and the present longitude of the star, being multi- 
plied by seventy-two, will shew the years required, nearly. 

2. For the cosmical setting : — 

Make a dot, as before, on that part of the globe which 
is in the star's latitude and which, whilst the sun's place 
is rising, is coinciding with the western horizon ; then find 
the difference of longitude of this spot and the star's, and 
multiply by seventy-two. 

3. For the heliacal rising : — 

Attach the quadrant to the declination in the zenith, 
and bring the sun's place for the given day to coincide with 
the twelfth degree, &c., below the eastern horizon : place a 
dot on that point in the star's latitude which is rising, and 
proceed as before. 

For the acronychal rising and setting, the sun's place must 
be brought (as in the former problem) to the western hori- 
zon; for the heliacal setting, to the twelfth degree, &c. below 
it ; then the difference between the longitude of the given 
star and that point on the globe which, being of the star's 
latitudcii is also setting, &c., will shew the time as before. 



*^* It must be explained, in caution, that as precession 
does not move the stars, but only alters the positions of 
the equinoctial and its pole with regard to them, the point 
marked by the ink dot is only that position, relative to 
the equinoctial and its pole, which a star of the latitude of 
the given one must have had in order to rise as recorded 
in the question ; that is, it is the position the given star 
must have occupied on a celestial globe, if there had been one 
correctly mapped and mounted so many ages since. 



Ex. 1. The age of Hesiod (the Greek poet) has been 
the subject of dispute ; but he Hved in Boeotia (about lat. 
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58 N.)» &nd ^e has left it on record that, in his day, Aic- 
tums there rose acronychally sixty days after the winter 
solstice (about our 19th of February). It is required 
from this, to ascertain (approximately) the time at which 
he, and consequently Homer, probably his cotemporary, 
flourished. 

Here, havmg noted that the latitude of Arctaras is 31°, and hiviog 
derated the pole to the latitude of the place, I bring the first degree 
of X to coincide with the western horizon ; and I find that the poist 
in the same latitude as Arctnms which is then rising, is just between 
the hind leg of the Bear, and the fore-feet of Canes Venatici. I lOMii 
exactly this point with a small dot of ink, and find that its longitude 
differs from the present longitude of Arcturus, about thirty-nine de- 
grees ; then multiplying tluse degrees by seventy-two, I get 2808 
yean, or 967 years B.C. 

Ex. 2. If Thales determined the cosmical setting of the 
chief star of the Pleiades at Miletus, (37f ° N.) to be twenty- 
five days after the autumnal equinox, how many years since 
must he have flourished (nearly) ? 

The ancients imagined that the heliacal rising of Sirius occasioned 
the sultriness and distempers of the season at which it occurred ; they 
accordingly named the twenty days preceding and following* tiiefint 
morning appearance of that star '* diet eanieulares,** or dog-days. 

Ex. 3. Supposing the middle (15th) of July to liave 
been the hottest part of the year in lat. 31^ N., how long 
is it since, in that latitude, the heliacal rising of Sirius vas 
remarkable as taking place at that time ? 

The term ** dog-days/' used in our almanacs to designate thefortf 
days intervening between the 3d of July and the llth of Aogiut, 
although derived from the calendars of the ancients, and, not maaj 
years ago, even accommodated to the changing period of the heliacil 
rising of Sirius, has now no reference to that rising, but marks oolj 
that part of our season in general most sultry. Before the chanfe 
was made, the precession of the equinoxes had already carried ^ 
term considerably beyond the hottest time of year. 

Ex. 4. How long must it be before Sirius can rise helii- 
cally in lat 51^° N., amidst the cold fogs or frosts of tbc 
5th of November ? 



* Dr. Hutton*s Math. Diet. Art, CanieuUar. 
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The " saTans'' who accompanied Napoleon into Egypt diBcovered, 
on the ceiling of a temple at Denderah, (a ruined town near the an- 
cient Thebes,) an allegorical representation, which they conceived to 
be a zodiac. The infidels in France were gratified in fwcying that 
they had proved, from the relative position of the solstitial signs in 
this '' zo^ae/'* that it recorded astronomical observations of a date 
far more ancient than the scriptural account of the deluge. But 
Mens. Champollion,t and others of great eminence, discard the idea 
of the figures having been intended for a zodiac, or that the temple is 
of older date than the Ptolemies, or even than the Roman empire. 
Others, eminently scientific, have imagined that the heliacal t or 
cosmical rising of Sirius may be alluded to in this sculpturing : — ^for 
instance, 

Ex. 5. In the " zodiac" of Denderah* the figure which 
has been ;;onceived to represent Cancer, is thrown on one 
side of the line of the signs, and its place is filled hy a head 
of Isis§ partly plunged in the T«ys of the sun : — 

Mons. Biotf imagines that this indicates a period at 
which Sirius rose wi& the stars of Cancer, near which the 
sun was on the day of the summer solstice. If this con- 
jecture be the correct one, and the star $ of Cancer 
(about the middle of the constellation) had then longitude 
3 signs 5°, (or 5*^ s,) and the sun was with this star 
when Sirius rose cosmically, to what distance of time may 
the sculpture refer ; the latitude of Denderah (anc. Ten- 
tyra) being Se*" N. ? 

Here we make use of 3 signs 5^ as the sun's place, and mark a 
dot in the latitude of Sirius, as directed in the first part of the Rule. 

*^* It may be interesting to refer to a chronological table, 
for the events which were transpiring in Egypt about the 
time thus found, 

Ex. 6. Mons. Fourriert conjectures that the position of 
the head of Isis and the displacement of Cancer, referred 
to above, relate, not to the cosmical, but to the heliacal 



* A '* sodiac" from Denderah is now in tiie Bibliothkque du Roi, 
Paris, 

t History of Astronomy, Library of Useful Knowledge, p. 16. 

X The heliacal rising of Sirius was especially noted by the Egyp- 
tians, as coinciding with the greatest augmentation of the Nile, the 
means of fertility to their country. 

§ The Egyptians called Siiiu8,/m'SoMM. 
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liaing of Sirins ; — Supposing this to have taken place when 
the star ' of Cancer was coinciding with the sun in 3 
signs 5°, what period is referred to ? 

*^* Reference may he made, as before, to a chronological 
table. 



PROBLEM Q. 



CBLBSTIAL OLOBB. 



When the time at which an author lived is known, his 
statement respecting the rising or setting of a certain star 
may be examined, by making a dot in the latitude of the 
star, in longitude just so many degrees less than the star 
now has, as seventy-two years are contained in the time 
elapsed ; and then ascertaining the time of year at which 
the point so marked now rises or sets cosmically, &c., in 
the latitude in which the writer lived. 



** Hia (Oyid's) astronomical knowledge was probably derived from 
the ordinary calendars (see Y, p. 357) ; and as they were not strictlj 
correct, and the poet, in all probability, did not apply himself widi 
much relish to them, * * * * we are not to look in him 
for extreme accuracy on this head, and must not be surprised to meet 
even gross blunders." — Introduction to (hnd^s Fasti (Keighilejf). 

Ovid, AJ). 10. — Rome, lat, 42. — Alexandria, lot. 31. 

Ex. I. In the first book of Ovid's Fasti, (line 315.) it is 
stated that Lyra rose on that day of the Roman year which 
answers to our 5th of January. Could this have been the 
case in Ovid's time ? How near was the day he has given 
for the heliac or cosmic rising of this star, to the time of 
its heliacal setting at Rome ; — and how near to the time d 
its heliacal setting at Alexandria ? 

Here, making a dot in the latitude of Lyra (Vega),butinlaiigitidc 
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25^** less (since such most have been the relative position of that star 
in Ovid's time), I find that, with the pole elevated for the latitude of 
Rome, it could not have risen either heUacally, cosmically, or acro- 
nychally, near the time of year given. Then, bringing ^lis dot or 
relative position of the star to the west, I find that the time of year 
mentioned as that of its rising, was not far firom that of its heliacal 
setting. But when the pole is elevated for the latitude of Alexan- 
dria, it accords vrith the time of its heliacal setting there very nearly 
indeed. May it not be inferred from this, that the poet, in this in- 
stance, quoted carelessly firom a calendar constructed by some mathe- 
matician of the famous school of Alexandria about his time ? 

Ex. 2. In Ovid's Fasti (B. i. line 653) it is stated that 
Jjyn, sets on 23rd January : — ^how does this accord with 
^hat then was the heliacal setting of Vega at Rome ; and 
how does it accord with its acronychal setting at Alex- 
andria? 

Ex. 3. In Ovid's Fasti (B. v. line 415) it is said that 
Lyra rose acronychally on 5th May : — how does this agree 
with what then was the acronychal rising at Rome ; and 
how does it agree with that at Alexandria ? 

Ex. 4. The following note is extracted firom Keightley's 
edition of Ovid's Fasti (on line 113 of B. v.) : — 

" On the Kalends of May," (our 1st May) " the star named Ca- 
peUa rises (qy. rote) heliaciBdly, according to Neapolis, cosmically, 
according to Taubner. Is it not acronychally according to Ovid ? 
Pliny mdces it take place yiii. Id. Maias,'' (our 6th May.) 

None of these will answer for the latitude of Rome and 
Ovid's time ; but if Ovid quoted firom a Calendar which, as 
stated (Y, page 357,) was obtained^from the Ghreeks ; and if 
the computation of that calendar had been for a time some- 
what near that of Ovid, but for latitude 31^ (that of the 
school of Alexandria), which of the risings might Ovid 
have intended ? 

Ex. 5. [Fasti, B. iii. line 405.] It is mentioned that 
" Arctophylax " (Arcturus) set on the day of the Roman 
Calendar answering to our 5th March : — could this have 
been either the heliacal, acronychal, or cosmical setting of 
Arcturus at Rome in Ovid's time ? 

Ex. 6. State what is the acronychal rising of Arcturus 
at Rome now ; and how nearly its acronychal rising at 
Rome, in Ovid's time, accorded with the time which he in- 
advertently quotes as that of its setting f 



372 QUOTATIOirS FBOM ANCIBITT CALEKDABS. 

Ex. 7. At line 004 of the 4th Book of the Fasti, itb 
stated that " Cams " (the Dog-star) rose on the day thit 
answers to our 25th April : — ^was this the fiact, and <m 
what day did that very brilliant star then set heUacally at 
Rome? 

Ex. 8. Dr. Lempriere says, " Fliny records that Arctu- 
rui rose in his age on the 12th, or, according to ColnmeDa, 
on the 5th September :" — Supposing this to reier to the 
cosmical rising of the star, A. D. 60, one of these state- 
ments appears to have been correct for the latitude of Alex- 
andria, and the other for that of Rome : — ^which statement 
refers to the latitude of Alexandria, and at 'what time does 
Arcturus rise cosmically at Rome now ? 

Ex. 9. Thucydides records that, in the second year of 
the Peloponnesian war (430 B. C), Flatsea (lat. 38) vas 
invested by the Lacedaemonians about the time of the he* 
liacal rising of Arcturus : — At what time of year must this 
have been ; and at what time of year is the heliacal rismg 
of Arcturus, in that latitude, now ? 
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TBOPICAL AND CIVIL TBABS.— TBAB OF CONFUSION. 

JULIAN TBAB. OLD AND NBW 8TTLB. 

The Solar Year,^ or period between equinox and equi- 
nox, solstice and solstice, is also appropriately called the 
Tropical Year. Its obviousness, as a cycle of the seasons, 
has caused it to be adopted, mth greater or less exactness, 
by every civilized nation. 

^ The Egyptians not only early reckoned by the period of 
365 days, but they also soon became aware of the deficiency 
of this period; for as they reckoned from the heliacal 
rising of Soth (Sirius or Canicula,) their months or other 
subdivisions of 365 days fell forward a whole day every four 
years ; and, in 365 J^ times four years, or 1461 years, any 
of their dates thus became attached, in its turn, to the 
whole round of seasons. This cycle of 1461 years, they 
named their Sot Mac period. 

^ The Roman calendar, in which that in present use by us 
had its origin, at first consisted of only ten months : — Septem* 
ber, Oc/ober, November, December, still retain the evidence 
of their places as the 7th, 8th, 9th, and 10th, in that arrange- 
ment. Quintilis and Sextilis, as the fifth and sixth, were 
the ancient names of our July and August. Numa Pom- 
pilius prefixed January and February, or two moons more, 
to this vi^e period ; and thus Martins, the first month, 
became the thml one, and the Roman year, containing 355 
days, very nearly corresponded with the lunar year. 

A civil year, so different in its length from the tropical 
year, or year of seasons, was the source of great confusion ; 
for it is plain that its commencement would at one time 
occur in the winter, and at another in the spring, or sum- 
mer, or autumn. 

D << The care of intercalatingf lay with the pontiffs, and 
they lengthened and shortened the year at their pleasure, 
in order to serve or injure the consuls and farmers of the 



^ See Q, p. 355. 

t t. e., adding or fluppreiaing days to accommodate them to dates. 

2 K 
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revenue, according as they were hostile or friendly toward 
them."* 

' In the time of Julius Caesar, who employed Sosigenes, 
an astronomer of Alexandria, to rectify the calendar, the 
civil year was so in arrear of the true or astronomical one, 
that it was found necessary to decree that the current year 
should consist of 446 days. — The year 46 B.C., from this 
circumstance, obtained the name of " the Year of Confufflon." 

But the length of the tropical or equinoctial year had 
not then been accurately ascertained. For the purpose of 
making the solar period and the civil one keep pace ^tb 
each other, Sosigenes introduced one day every four yeais, 
by arranging that the 6th (sextUis) of the calends of Marcht 
and the following day, should be considered but one day. 
But this correction is in excess, for the tropical year being 
365 days, 5 hours, 48 minutes, 49^ seconds, instead of 
365 days, 6 hours, an error arises of 11 minutes, 10^ 
seconds per annum, which in 900 years amounts to seven 
days. 

^ The festivals and fast days established by the Nicene 
Council in the year 325, referred to Easter as connected 
with the vernal equinox. In the age of Pope Gregoiy 
XIII., the excess in the Julian compensation of six honn 
per annum, had carried dates back ten days : — ^the equinox 
was found to be occurring. on the 10th instead of on the 
21st of March, and the celebrations of the Romish church 
were found to be in danger of. changing their seasons. 

To remedy this, the Pope ordered the suppression of 
ten nominal days — the day succeeding the 4th .of. October, 
1582, being called the 15th day; and thus two 5< styles" 
or reckonings were introduced, for the Protestants of 
Europe withstood the innovation. 

^ It was not until 170 years after this, (and the loss of 
another day by the Julian mode of reckoning,) that the 
Gregorian year, or change of *' style," was adopted in 
England. In A.D. 1752, by act of Parliament, the 3d of 
September was called the 14th : — eleven nominal daf 



* Keightley*B (Md*g Fasti. 

t Hence the term <' BisiestUe.*' We introduce the additioBil 
day at the end of February, because of the shortness of that month* 
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being thus omitted, to bring forward the dates. In order 
to prevent the future accumulation of error, it is arranged 
in the Gregorian calendar, that the last February of every 
century not divisible by four, shall be deprived of the in- 
tercalary day : — thus, the February of A.D. " eighteen him- 
dred" consisted of 28 days only : this will be the case with 
the February of " nineteen hundred," but not with that of 
A.D. '• twenty hundred." By this means the error would 
not amount to a whole day in several thousand years. 



" Before A.D. 1752, the Civil year of England began on 
the 25th of March : — the year 1751 had but three " quar- 
ters," for it was enacted that 1752 should begin with the 
1st of January, in accordance with the Roman computa- 
tion. Whilst tlie two •• styles" existed in Europe, it was 
usual to write a date intervening between the 1st of January 
and the 25th of March with reference to both styles, — thus 
February 3, 172f, t. e., 1728 of the old style, or 1729 of 
the new one. 

Russia still adheres to the old style, and there is thus a 
difiference of 12 days between Russian dates and those of 
the rest of Europe. 
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PROBLEM R. 



FOB 8TJN8HINB. 



Let a table, or piece of broad plank (as a drawing-boaid) 
be placed strictly horizontal in the sunshine ; and, by means 
of a mariner's compass, let a chalk line be marked upon it 
exactly north and south. 

Let the terrestrial globe be now placed upon this table 
or board, with its meridian coinciding with the chalk-line : 
— ^let its pole be elevated to the latitude, and the place of 
residence brought to the brass meridian and thus placed 
uppermost : then, 

1 . Since the distance from the surface of the earth to its 
centre is insignificant when compared with the distance d 
the sun, his beams will be spread over the latitudes and 
longitudes depicted on the globe exactly as they would k 
were its centre where the earth's centre is ; or as they aie, 
at that instant, spread over the latitudes and longitudes d 
the earth's sur&ce. 

Thus we may see, notwithstanding the mterfering shadows of the 
brass meridian and wooden stand of the globe, many of those plAoa 
which are situated at the terminator or boundary of sanlight, and 
which, consequently, are baring a rising or setting sun at that tinie. 

2. The extent to which the sunbeams reach over one of 
the poles will shew the sun's declination ; and, if the globe 
be caused to rotate, it will be seen, by examining the two 
frigid zones, which places are having their periods of con- 
tinuous light and which are having continuous darkness. 

Thus, if we make the experiment on the 25th April or 18th Au- 
gust, it will be seen that the sun is shioing ISJ® over the North Pde; 
and that, during the rotation of the globe, all places nearer thin this 
to the North Pole, or having more north latitude than 76f ^, csBOSf 
lose his beams ; whilst those that have more than 76f *^ of south bti* 
tude cannot receive them. 

3. If a long fine needle be one-half dipped into thid^ 
gum or strong varnish, and by this means stuck to the gn- 
duation of the brass meridian exactly along the mark wbicb 
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is generally made larger than the rest to distinguish the 
00th degree, or Pole, the shadow of this needle will shew 
the longitude in which the sun is vertical at the time ; for 
it will be cast upon * the opposite semicircle of the plane of 
the meridian of that place ; and every semicircle has for its 
longitude the supplement t of the opposite one : In other 
words, the longitude of the place which then has a vertical 
sun, and of all others that are having noon, is just equal to 
the degrees of distance at which the needle-shadow falls 
from the under semicircle of the brass meridian. 

Thufl, suppose we were making this experiment at Greenwich at 
22m. I before 7 in the morning of 25th April or 1 8th August ;— if 
we search for the longitude of the spot upon which the shadow of the 
extremity of the nee^e falls, we shdl find it to be 99^ west ; and sub- 
tracting this from 180, we shall get 80} for the east meridian on which 
the sun then is, or where it is noon. 

*»* If the globe have that very inconyenient appendage, an hour- 
circle outside the brass meridian, a small cone oi wood (very easily 
formed with a penknife) might, for the time, be fitted and glued on 
to the extremity of the axis or pivot of the index. 

4* If a fine needle be now stuck perpendicularly into the 
globe at that spot which has latitude equal to the sun*s de- 
clination, and longitude such as that just found by means 
of the shadow, and the place of residence be again brought 
to the brass meridian, it will be seen that the sun is vertical 
to that spot, for the needle will cast no shadow. 

Thus if, as before supposed, we were attending to this at 22 min. 
to 7 A.M., on 25th April or 18th August, we should find that (the 
sun having 13J° of north dec), the place having longitude 80} east 
and the sun in the zenith, must be Madras, 

*«* To ensure the perpendicular insertion of the needle, it is well 
to bring the place so found to the brass meridian and to be guided by 



* If, when the place of residence is coinciding with the brass me- 
ridian, the hour circle (under the meridian) be set to 12, the shadow 
cast by the needle wUl likewise give the hour. The shadow of the 
brass meridian sometimes interferes with this ; but, even then, the me- 
ridian on which the extremity of the needle-shadow falls may be traced 
up to the hour corresponding with it. 

f The supplement of any number .of degrees is what it wants of 
180. 

X We need solar (sun-dial) time for this : — On the two days sup- 
posed there is very little difference between the sun-dial and tbe 
clock ; but the difference for any day may be found in the little table 
of the equation of time given a few pages onward. 

2k2 
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the graduation in inaerting it- Vevy fine needlea mmj he to tCndt 
into the globe at not to injure it. 

5. If we measure 45^ arotmd this spot by means of the 
quadrant (or a piece of white thread marked with that 
length), and stick fine needles perpendicolarly into several 
places so situated ; then, whilst the needle stuck into the 
place having the sun Tertical casts no shadow, each of 
these others will cast a shadow exactly equal to its length ; 
for the sun, at each of the places represented by those 
spots, is 4 5^ from the zenith, and therefore 45^ high. (X, 
on p. 13.) 

Thus ToboUk—Pekin (nearly)— the S, S. part qf Celebes— Cape 
St. Andrew (Madagascar) — Jeru$alem — Danuucus — the eastern tkore 
qfthe Black Sea, &c., are all 45* distant from Madras ; and nesdle» 
inserted perpendicularly into the globe-surface at these places, will, 
at this time, cast shadows equal to their lengths ; but aU of covne 
differing in their direction, and shewing, so far, the opposite beanngs 
of the sun at those several places. 

6. If a needle be stuck into each of the temperate zones,— 
one at a spot due north, and the other at a spot due south, 
of the place having the sun vertical ; and a third needle in 
the enlightened frigid zone ; — it will be seen that, whilst 
the inhabitants of the temperate zones are Heteroscii (deL 
74), and those having a vertical sun are Ascii (def. 73), — the 
inhabitants of the frigid zone are Periscii (def. 75), because, 
as the globe rotates, their shadow fBlls in every possible 
direction with regard to the North Pole. 



7. If the globe could be placed even where the moon is 
at the time (provided that the plane on which it stood were, 
like that on which it now stands, parallel to our horizon, 
and its meridian, as now, were due north and south), then 
the several circumstances already mentioned — the bearings 
and lengths of shadows, &c. — would differ in no perceptive 
degree from those shewn on the globe here ; for the sepa- 
ration of the moon from the earth being only about one- 
four-hundredth of the distance of either from the sun, he 
may be regarded as shining on both as if they were to- 
gether. 
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tHB HORIZONTAL DIAL. ^THE VERTICAL DIAL. 

^ We have just seen (note, p. 377)* that when our terres- 
trial globe is arranged in the sunshine, with due regard to 
its horizon and the plane of the meridian, the neediest which 
is but a prolongation of the axis, will cast its shadow on the 
opposite semi-meridian to that on which the sun is shining, 
and that it may thus be used to mark solar time, if we 
refer its shadow upward to the horary circle or index when 
the twelves of that circle are coinciding with the brass m^ 
ridian, or our own plane. 

It will be equally easy to see, that, however long the 
needle may be, provided it be straight and well adjusted to 
the axis, its shadow will fall along the meridian opposite to 
the sun; and thus, if it were long enough, its shadow 
would even fall upon the horizon of the globe, exactly 
where the shadowed semi-drcle meets that wooden circle. 
Hence, if we were to mark the wooden horizon where it is 
cut by the several meridians, with the hours, &c., to which 
those meridians correspond, the prolonged shadow of the 
needle would shew us the time on that also. 

The common horizontal sun-dial is a construction upon 
this principle : — 

^ The whole axis of the earth, or globe, is in the plane of 
every meridian (G and its note, p. 9), and therefore, if we sup- 
pose the terrestrial globe, with all its meridians, to be re- 
moved from its frame, and its axis only to be left, (inclined 
as before, to the latitude,) the shadow cast by the axis wiU be 
identical with the shadow of any meridian that the sun 
may be shining opposite to, and will as faithfully shew the 
time on our horizon, so marked as we have supposed. 



* If there have been no opportunity for performing Problem R in 
the Bunshine, it must at least be read over very carefully before at- 
tending to what follows here. 

* See n in the figure on £he next page. 
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By Kcti^ring the globe f<« Mveral latitades, the popl 
wiUpercem, 

. Th&t each different elevatdm of the pole cansa t 
e in the points at which the meridians, or tkir 
ahadowB, intersect the horizon ; — 

That, with ID alentkni of the pole for 24° or 30*> it will be mo. 
tlut on ■ dial ctnutructod for lo low & l&dbide the hoiir-uo i»n> ' 
to Om north pomt (or XII) will be Tery imall, and tho«e newer h> i 
VI, or the cut and weit pointa, will be much greater ; whereu, witi 
•n eleralioD of the pole for 60°, or eves for onr ownJadtade (Sl}')> 
tbOM honr-iTC* ue more nearl; eqnil. 

2. And hence, that the " Gnomon" or •■ stile" of i 
horizontal sun-dial muet be placed in podtton with tbi 
auB of the earth, bf being set in the plane of the meridUn 
with an incUoadon according with the latitude, or it will 
not shew the time upon the bee of the dial, however cor- 
rectly the ftce may be marked. 




Let the adjoining fignre repreient a tranaparent |^be with tht 
usual meridian linea marled upon it. Let e be ita centre, and it r 
that half of ita oiia which is aboTe (or northward) of R Z Z R, ik 
plane of the rational horizon : — 

Then ■ may represent the neodle we hare snppoaed to be attadit^ 
to the north pole (3 on p.3T6) — i, I, fli, o, Sec., meridians of dv 
eastern hemisphere,— and 1, II, III, IIII, T, VI, &c., the points H 
which they intenect the horizon , when the pole is elevated for kt 
5li°.— the numberB IIII, V, VI. Til, VIII. &c., (seen throng A' 
globe,) marking the paints of similar intersection of the weatem boH' 
EOD, by the semi-mcridiana opposite. 
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It is CTident that when the sun is ** on** the ** first meridian,** or 
'due south, the shadow of the axis, or of the opposite semi-drcle, will 
be cast on XII, or the due north of the horizon ; but tiiat when the 
-sun is yet only on g, (15° eastward, or an hour earlier,) this shadow 
. of the ajoB, or of the opposite semi-circle, will fall on XI ; when he 
is only on A, (and giving noon in 30? east longitude,) this shadow 
will fall on X, &c., &c. 



COMPARED WITH A WELL-REGULATED CLOCK, ON 
THE DAYS GIVEN BELOW, THE SUN-DIAL IS 
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The dates oommencing the co- 
himns are those qu which the sun- 
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PROBLEM S. 



TBRRBSTSIAI. GLOBE. 



Thfifid the hour'Orcs, or angular distances of the how- 
lines, for a horizontal dial, the latitude being given. 



1. If the meridians be drawn on the globe through everf 
15^, as they generally are : — 

RuLB. — ^Elevate the pole for the given latitude, and bring 
the first meridian (or any other) to the brazen meridian; 
then note down the diBtances from the under semi-circle of 
the brass meridian, at which the horizon is intersected by 
the several meridians, taking so many only as there are 
hours in the half of the longest day. Thus in a horizontal 
dial for north latitude, the north point being XII, or noon, 
the points of intersection towards the east, and beyond it, 
will be the places of the afternoon hours, I, II, III, IV, &c.; 
and those at corresponding distances from the north to- 
wards the west* and beyond it, will be the places of the 
morning hours, XI, X, IX, VIII, &c. (See tiie figure.) 

The places of the half-houra may be marked by taming the globe 
7}°, and noting again the intersectionB of the sereral meridians ; and 
the places of the quarter-hours, by turning the globe Sf ^ ; — ^bat this 
will require that the globe be in excellent condition. 

^. If the meridians of the globe be drawn, as they sonu- 
times inconveniently are, through every IQP i — 

It is evident that, in this case, the intersections of the 
meridian Hues will be at every forty minutes, instead of 
being at every sixty minutes ; that is, the arcs from N. to 
£., instead of being for I, II, III, &c., will be, respectively, 
those for forty minutes past XII, — twenty minutes past I. 



* The intersections from north towards west, and beyond it, bang 
at the same angular distances as those from north towards east, tfd 
beyond it, they need to be found only for one side. 
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II, — ^forty minutes past II, — twenty minutes past III, — 

IV, &c. ; hence, 

KuLB. — Having marked off the intersections which shew 
the places of the even hours II, IV, VI, VIII, &c., turn 
tlie globe 5^ westward, and the intervening intersections 
"will be at the odd hours, I, III, V, &c., which may be 
noted accordingly. 

The places of the half-hours, &c., may be found as 
before. 



Ex. 1 . What are the arcs between the hours XII and I, 
or XII and XI, — and XII and II, or XII and X, on the face 
of a horizontal sun-dial for Belfast, lat. 54|^ north ? 

Here, eleyatiiig the pole 54j^°, I find, that when a meridian line is 
brought to coincide* with the brass meridian, the two intersections 
first on each side of the north point (or XII) on the horizon, (and 
which are the places of the hours XI and I,) are each at an angular 
distance of 12^^, — the second, on each side of the north point, (or 
the places of X and II,) are at 25^^, &c., &c. 

Ex. 2. Find the hour-arcs for the remaining parts of a 
day on the horizontal dial proposed above, the longest day 
at Belfast being a Uttle more than seventeen hours. 

Here it is evident that the utmost ^tir-lines will be those of IV 
A.n., and VIII p.m. 

Ex. 3. Find the angular distances of the hour-lines and 
half-hour lines of a horizontal dial constructed for London 
or Blackheath. 

Ex. 4. Describe a horizontal dial for the latitude of 
Petersburgh, or the south of Mainland, Shetland. 

Ex. 5. What difference is there between the angle con- 
tained by the hour-lines of I and II, or XI and X, on a 
honzontEd dial, constructed for Petersburgh, and the angle 
contained by those hour-lines on one constructed for tiie 
Bermudas ? 



* It wiU be found convenient to keep it coinciding by the under 
semi-circle. 
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Ex. 6. What difference of degrees on the same two 
dials, between the numbers VI and VII ? 

Ex. 7. Describe horizontal dials for Lisbon and Wash- 
ington. 

Comoersely. 

Ex. 8. For what latitude must that horizontal dial have 
been made, on which the hours of IV and V are separated 
20*? 

Ex. 9. Where might a horizontal dial be erected, which 
would shew correct time by the motion of the shadow of 
its stile or gnomon over 15^ each hour, or one quarter of 
a degree each minute ; and what inclination must its gnomon 
have? 



A sun-dial the face of which is perpendicular to the 
horizon, and therefore in the plane of the zenith and nadir, 
is called a vertical dial. It is a convenient one, and is 
often placed against the south wall of a church ; but as the 
sun, at no time of the year, shines upon a wall so situated 
longer than twelve hours, the hours from VI to VI are all 
that are marked upon such a dial. 

^ Since the distance of any two places on the earth's sur- 
face is insignificant when compared with the sun's distance, 
it is evident that a dial constructed for the horizon of any 
latitude will shew us the time at our own place of resi- 
dence, provided that, first taking care to place it duly north 
and south, we also incline its plane or feice to our hoiizoD 
just so much as the horizon of those who live due north (» 
south of us in that latitude inclines; that is to say, if. 
according as the latitude for which it has been made lies 
northvrard or southward of us, we depress the north or 
south points of the surface of the diaL 

Thus, Mainland of the Shetland Isles lies in latitude 60? N., or(^ 
due north of the city of York. A horizontal dial constructed fir 
latitude dO**, and consequently adapted to shew correct solar timeia 
Shetland, would senre for that purpose also at York, (notwi&stuid- 
ing the <Ufference of its hour-arcs and of the inclination of its stfl^! 
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if, after being adjusted to tlie meridian, the XII or north point of its 
plane were ifepraMed 6° ; foe the distance of York froni Shetland, 
or any other place, is insignificant ; and the dial being thuB arranged, 
the BDD may be coosidered as Bhining on it in Shetland. 

The month of the Ebro has, very nearly, the longitude of Black- 
heath, and the latiCnde of Madrid, or 40}'' N_A. borizontBl dial for 
that latitade wonld Bhew Bolar time at Blackheath, aa welt as at the 
month of the Ebro, if, after Betdog it north and aonCh, we were to 
incline ita plane il°Bonthward ; for its gnomon would thus be broBgbt 
parallel to the earth's aiis, and ita sorface would be in position with 
an horizon For which it was made. 

^ The south point of the verticfil dial used in north lati- 
tudes is, of course, depressed 90° ; and thus it appears that 
such a dial, in use by any of us, is the hoiizoiital dial of 
those who dwell 90° south of ue, or just bo far south of the 
equator as we are south of the pole. Hence, it is the 
southern half of the axis that is represented by the gnomon 
of such a dial, and the inclination of its gnomon is always 
equal to the complement of the latitude in which it is 
fixed up. 




Let the adjoining ct 
iU meridians ; let e bi 
Sli'N. 

Then Zen, Z, D, R, will represent a plane vertical to this horizon, 
and 8, t, the toulAtn halt of the uis depressed Sl)° below R, Z, 
Z, R i and therefore making an angle with the vertical plane eqnat to 
tbecomplement of S14°,or 3B)°, 

It may be seen, by tnraing the figure so as to bring D to the left, 
that this woold be a horizontal did in lat 38)° S. 
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*0* In like maniier, if we torn oar page 380, so that its », or 
needle end of the axis, may be directed downward on our right haoi 
it will be peroeiTed that our horixontal dial would serve for the verti- 
cal one of lat 38i<* S. 



PROBLEM T. 



TBSRB8TBIAL 6L0BB. 



To find the hour 'arcs of a vertical dial facing the south n 
north latitude, or facing the north in south latitude, the lati- 
tude being given, 

RcLB. — ^Find the complement of the latitude, and ekrate 
the pole of contrary name. Bring the first meridian (or 
any other) to coincide with the brass meridian; thai 
taking the point at which the under semi-cirde of the 
brass meridian intersects the wooden circle of the globe 
for the place of the shadow at XII or noon, — ^note do^m 
the points of intersection of the wooden circle by the meri- 
dians towards the east, for the afternoon hours I, II, III, 
IV, V, VI, and the points of intersection of those towards 
the west, for the morning hours XI, X, IX, VIII, VII, VI. 

For half-hours, &c., the globe may afterwards be tomed 
7j° &c., as directed in Problem S. 

If the meridians of the globe be drawn through every 
10^, instead of through every 15°, the even hours II, TV, 
&c., must first be marked, and the odd ones, after turning 
the globe 5^ westward, as directed in the second part d 
the rule for Problem S. 



Ex. 1. Find the hour-arcs of a vertical dial facing the 
south at Belfast, lat. 54^"" N. 

Here, elevating the south pole to the difference between 54|® ioi 
90^, or S5i'*f I find that, when any meridian is brought to coincuk 
with the brass meridian — of the five meridians intersecting the woodea 
plane between the points marked ** south ^* and '* east,'' the first, ff 
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place of the shadow at 1 p.m., intersects at an ang^nlar distance from 
the soath point of very nearly 9^, — ^the second, or shadow's place at 
II, intersects at 18j^^, &c. &c. ; the intersections between the south 
and west points (and which are the places of the shadow at XI, X, 
&c.)y being at the same ang^ular distances. 

Ex. 2. Furnish the remaining hour-arcs on the above- 
mentioned dial. 

Ex. 3. What are the angular distances at which I must * 
draw the lines on a dial intended to be fixed up against the 
south wall of a church in London ? 

Ex. 4. Find the hour-arcs of a vertical dial, facing the 
south, in Lisbon, and state where this might be used as a 
horizontal dial (N, p. 385). 

Ex. 5. What must be the hour-arcs on a vertical dial, 
facing the north, placed against a wall in the middle of 
New Zealand, lat. 38^** sputh ? 

Ex. 6. Suppose vertical dials facing the north to be re- 
quired for parts of Chili and New Zealand, in lat. S5\^ S., 
— from which north part of the world might they be supplied 
without the trouble of manufacturing new ones ? 

Ex. 7. With the inhabitants of what remarkable places 
might Edinburgh exchange horizontal dials for vertical 
ones ? 



Ex. 8. Having graduated 24 hours on the whole circum- 
ference of a disk of card-board, on both sides, and set it 
horizontally, I have also inserted a straight pencil half-way 
through its centre, with care to keep it perpendicular to 
this plane or disk : — 

If I now raise the south point of this plane to the com- 
plement of my latitude, so as to direct it to the equinoctial 
in the heavens, to what two points in the heavens will the 
ends of the pencil be directed — ^with what great circle of 
the earth will the disk be parallel — for what two places dia- 
metrically opposite to each other will the surfaces of the 
card be horizontal dials — ^why will such a disk shew me 
my solar time — and on which side of it will shadows be cast 
during my winter hours ? 
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PROBLEM Z. 



CBLB8TIAL GLOBB. 



To map down a group of constellations, having a certm 
star given as central. 

RuLB. — 1. Bring the given star to the brass meridiaii, 
and elevate the pole to its declination : — attach the quad- 
rant of altitnde over the star, and (by Prob. X. p. 87) make 
out a list of the stars around it with their degrees of dis- 
tance from this central star, and with the several bearings 
they have from it whilst it is thus in the zenith. 

2. Having described a circle of convenient size on a piece 
of card-boaid or stiff paper, and drawn diameters at right 
angles, mark the uppermost point N. — the undermost S.~ 
the rt^A^-hand point W. — and the left-hand point £. ;— 
the degrees of each quadrant being set off from N. or S. 
toward W. or E. by a protractor.* 

3. At the centre of this circle mark the Grreek letter and 
number expressing the magnitude of the star used for the 
central one of the group ; and then, by means of the graduated 
edge of the quadrant of altitude, set off pencil dots at the de- 
grees of distance and several bearings registered in the list 
just made; marking each of such dots (as soon as made) with 
the Greek letter and magnitude of the star it represents. 

4. If the places of these dots be now carefully pierced 
with pins of different thicknesses, the card or paper wiD 
be of considerable assistance in tracing the constdlations 



* When we have not a protractor at hand, the degrees of a circniB- 
ference may be set off from the equator of the globe, if we draw H 
with the semi-diameter of the globe ; or, if this be too large for tk 
paper, each half degree of the globe will be a degree on a draia* 
ferenoe drawn with Aa{f its semi-diameter : — ^thus, for instaDoe, if *e 
draw a circle with the compasses open three inches, we may use fat 
degrees the half-degrees of a twelve-inch globe. 
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in the heavens ; * especially if the outlines of the figures to 
-which the stars of the group belong, be lightly traced with 
a pen dipped in oil or varnish, to render them partially 
transparent. 



Ex. 1. Taking y of Ursa Major as a centre, map down 
the stars in Ursa Major and Ursa Mtnor.f 

a 1 distance from y — ° bearing from y — ® N. to W. 
2 „ -o „ -o do. 

8 3 „ — « ,. — <»N. toE. 

€3 „ -<» ,. -o do. 

&c. &c. &c. &c. 

Ex. 2. Taking 8 of Orion as the central star, map down 
the stars in Orion, — Lepus, — head and horns of Taurus, — 
Cants Major, — Cants Minor, — and heads of Gemini. 

Ex. 3. Taking fi of Gygnus as central, draw, and prick 
out, the group containing Cygnus, Lyra, Aquila, and Deh 
phinus. 



* The constellationa beyond the bounds of the card, and even those 
below the horizon, may be imoffined and readily pointed towards by 
the aid of the '* Rhymes on the Comtellations,** given in the Appendix, 

"f The author is aware that such a ' mapping ' will be distorted ; 
but the advantage wiU, nevertheless, be considerable. 
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ASTROLOGY. 



^ The tennB astronomy (urrpwofua) and BBtrology(aarpoXoyta) 
were synonymous amongst the Ghreeks, and Cicero uses 
the word a$trologia in a similar manner. 

But " judicial astrology," a pretended science, was very 
generally received among the nations of antiquity (except 
the Greeks), and was also much cultivated in Europe during 
the middle ages. The basis of this science was the suppo- 
sition that the heavenly bodies affected the destinies of 
mankind. 

A knowledge of the terms and principles of this pretended 
art is desirable as furnishing a key to expressions made use 
of by several authors. 

9 The apparent hemisphere of the sky was divided into six 
portions, by imaginary lines, like the meridional semicircles 
of the common globe, but originating in the north point of 
the horizon of any place and terminating in its southern 
point. The hemisphere below, and invisible, being divided 
in similar manner, the twelve divisions were called "houses 
of heaven." The principal points attended to in each 
' house ' were — the part of the Zodiac which occupied it at 
any instant as the heavens revolved from east to. west 
through these twelve stationary * houses,' and — ^the place of 
any planet which, from its position in the Zodiac/ might 
ha]i'pen to be in a certain ' house' at that certain time. 

R "These * houses * had different * powers.' The strongest 
was the first, which contained the part of the heavens about 
to rise ; — this was called the ' ascendant ;' and the point of 
the ecliptic which was just rising was called the 'horo- 
scope.' " 

The twelfth was the ' house ' just above and along the 
eastern horizon ; and the tenth, which was that from which 
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the heavenly bodies were just culminating, was the next or 
second in ' power/ 

' " Each ' house * had one of the planetary bodies as its 
' lord/ who was stronger in his own house than any other, 
as was fit ; — and, of two planets equally ' strong ' in other 
respects, he who was in the stronger house was the 
stronger. * * * * 

" In the fifteenth century Stceffler * foretold a universal 
deluge which should take place in 1 524, in consequence of 
three planets being then in conjunction in a watery sign. 
All Europe was in consternation, and those who could find 
the means built boats in readiness. A doctor of Toulouse 
is said to have made an ark for himself and his friends." — 
Penny Cyclopadia, 

[In the same century. Pope Calixtus III. directed prayers 
and anathemas against a comet, which had either assisted 
or predicted the success of the Turks against the Chris- 
tians.] 

I* Astrologers have disregarded the very important 
circumstance of the Precession of the Equinoxes (see p. 
354), although Aries, Taurus, &c., are now, in consequence 
of this, a whole sign in advance of their former situations in 
the ecliptic ! 

" A number of infiEunous characters, sometime after their 
death, are made gods and goddesses :— In a course of years 
their names (Mercury, Venus, &c.) are arbitrarily imposed 
on the planets which have existed from the beginning of 
the world. Then the various attributes, such as stupidity, 
moroseness, deceit, wantonness, cruelty, and the like, for 
^which these gentry were celebrated, are supposed to be 
transmitted with their names, and a small portion of some 
sort of goodness, to the different planets where they then 
reside ; but whether upon them or in them does not ex- 
actly appear. 

" Then these large dark insensible bodies, with their fine 
tempers, as they continue their mystic dance round the 



* A German mathematician. 



393 ABTE0L06T. 

Bun, sometimes near together, then farther off, then oppo- 
site to each other; and changing their tempers as they I 
change their pkces and their partners ; occasion, or at least 
influence, the various vicissitudes of individuals and em- 
pires !" * 

" The Chaldseans have been celebrated in all ages for thdr 
attachment to judicial astrology ; the Chinese from time 
immemorial have considered solar eclipses, and conjunc- 
tions of the planets, as prognostics of importance to the 
empire, and the observation of them has been a matter of 
state policy. Traces of a similar belief may be found in 
£g3rpt and India ; and there can be little doubt that to a 
superstition vain and degrading in itself, we owe the eariy 
observations made in China and Babylon, the zeal with 
which the Arabs embraced the science of Ptolemy and the 
revival of astronomy in modem Europe."t — History of 
Astronomy, Library of Useful Knowledge, 



* From " the Panorama,^* the mamiscript of a reyered friend of 
the author, the late Rey. J. T. Barker. (Quoted in Timel's Tdaeopt, 
by hie late son.) 

t See A. D. 750 in the chronological table giyen next. 
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OF ANCIENT OBSERVATION AND DISCOVERY. 

The honour of being first in astronomical study has been 
variously ascribed to the Chaldseans, the Egyptians, the 
Chinese, and the Indians. 

^ The term Ghaldsean is often used by ancient writers to 
designate an astronomer ; but it is believed that whilst they 
rested their predictions of eclipses, &c., on the periods as- 
certained by long observation, the Chaldseans were con- 
tent to account for celestial phenomena by the most ab- 
surd and contradictory notions ; and there does not exist 
any proof that the ancient Egyptians had any knowledge 
of the true system of the universe. 

The extended flatness of the regions first coltiyated, as well as the 
purity and serenity of their atmosphere, was particularly favourable 
for observation. The observations of many centuries were trans- 
mitted by these nations to posterity by engravings on bricks and 
public monuments. But the Egyptians were indebted to Thales 
(only 600 B. C.) for the method of finding the height of their Pyra- 
mids by the lengths of their shadows. 

^ Of the astronomy of the Chinese the most contradictory 
statements are furnished ; some historians granting it its 
claim to an origin in their first emperor Fohi (or Noah !), 
and others yielding to it a derivation only from Gh^ece, 
through the Arabs and Persia. It is stated that there is 
an observatory at Pekin supported by public authority. 
Probably, like the Chaldseans and Egyptians, from a very 
early and long continued registry of certain astronomical 
events, they were able to discover periods near to which 
they would again occur. 

Jesuit missionaries were long resident in China, and were even 
officially employed in scientific pursuits by the Chinese government ; 
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bat they were able to collect ** notfaiog beyond detached observatums 
and fragmenta of ieience." 

^ The clainiB of Indian astronomy liave been considered by 
many to rest on similar grounds ; but M. Bailly, who ex- 
amined and compared four different sets of ajstronomical 
tables of the Indian philosophers, found that they evinced a 
knowledge remarkably correct in regard to some of the 
more intricate parts of the science. 

The obaenratory at Benares is an mteresting monnment of Indian 
science. Japan and Siam also lay claim to an early cnltiTation of 
astronomy. One of the sets of tables referred to aboye was Siamese. 



^ It was from the Greeks that astronomy first derived its 
true scientific character : — ^The arbitrary grouping of stars 
into constellations ; the division of the Zodiac into twelve 
signs ; a knowledge of five planets ; and some notion of the 
nature and motions of comets, were probably received by 
them from others. 

" The later chiefe of t|ie Greek schools followed the earlier masten ; 
and though they yaried machi they added little. The Romans adopted 
the philosophy of their Greek subjects ; bat they were always, and 
indeed acknowledged themselves to be, inferior to their teachers."— 
WhewelPs Inductive Seiencet, yoL i. p. 84. 

B. C. 600. — ^Thalbs (of Miletus, in Asia Minor) divided 
the heavens by five circles, — the Equator (Equinoctial), the 
two Tropics, the Arctic and Antarctic circles ; taught the 
apparent revolution of the sun in 365 days ; that night was 
created* before day ; that the stars are fiery bodies ; that the 
moon is an opaque body illuminated by the sun ; that the 
earth is spherical and placed in the centre of the Mnwerse.f 

Thales was the first Greek who predicted an eclipse (probably de- 
pending on the Chaldean periods). M. Bailly computed this edipse 
backward (D, p. 307), and found the 10th September, 610 B. C.to 
have been the day answering to its occurrence, which was memorable 
as *' changing day into night," and terminating a war between the 
Medes and Lydians. 

B. C. 530. — Anaximandeb, Anaximanbs, Anaxaoobas. 
were pupils and successors of Thales. Anaximanes in- 

* See drf. 104. Thales had resided in Egypt and Phoenicia, ud 
had become acquainted with the Jewish system. 

t What was erroneously surmised is printed in Italic. 
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vented, or introduced the Grnomon.* He set up a sun-dial 
at Lacedsemon ; observed the obliquity of the Ecliptic; 
taught that the sun watt not less than the earth ; and is said 
to have made the first globe. Anaxagoras taught that the 
moon was habitable, consisting of hills, valle3rs, and waters. 

B. C. 540. — Pythagoras (who, after long and extensive 
travelling,t settled at Crotona, in the bay of Tarentum 
(Italy), and founded ' the Italian Sect ') was cotemporary 
^th the philosophers last mentioned. He taught that the 
universe is composed of four elements ; that it had the sun 
in the centre ; that we had antipodes ; that comets were a 
kind of wandering stars, disappearing in the superior parts 
of their orbits, and becoming visible only in the lower 
parts of them ; that the whiteness of the milky way was 
occasioned by the brightness of a great number of small 
stars; that the planet Venus is both the Morning and 
Bvening star. 

B. C. 400 to 350. — Philolaus (a Pythagorean of Cro- 
tona, who flourished in the century succeeding Pythagoras 
and was cotemporary with Plato) asserted the annual 
motion of the earth round the sun. 

HiCBTAS (at S3nracuse) taught the earth's diurnal motion 
on its axis. 

Mbton (at Athens) was the inventor of the " Metonic 
Cycle." (See F, p. 336.) 

Plato, and his pupil Aristotle, about this time ob- 
scured the science of astronomy, by adopting the notion 
that the earth is at the centre of the universe. 

" It was the radical error of the Greek philosophy to imagine, that 
the same method which proyed so eminently successful in mathema' 
iieah would be equally so in phyneal enquiries ; and that, by setting 
out fi'om a few simple and almost self-evident notions, or aiioms, every 
thing could be reasoned out.'* — HertcheVf ** Diseourse^^^ p. 108. 

* The Gnomon of the ancients was an upright pillar erected on 
level ground, in order that, by examining the length of its shadow, 
the elevation of the sun, &c., might be known. It has been thought 
by some that the Pyramids of Egypt were originally designed for 
^omons. The Spaniards who conquered Peru found, in that country 
also, pillars of costly workmanship, the shadows of which were used 
to determine the equinoxes. 

t Pythagoras had resided in Babylon during the latter part of the 
Jewish captivity, and probably had been in intercourse with Danid 
and EzekieL 
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** There aroee an unwieldy, if not self-contradictoiy, mass of hy- 
pothetical motions of ton, moon, and planets, in drdes, and these 
again in others without end — " cycle on epi-cyde, orb on orb" — tiU, 
at length, as obeerration grew more exact, and finesh epi-cydes were 
continually added, * the absurdity of so cumbrous a machine became 
too palpable to be borne."— JJcrscAer* " JHicoune,** p. 266. 

B.C. 370. — ^EvDoxuB taught (in Asia and Italy) that 
the diameter of the sun ie nine times that of the moon. He 
is said to have determined 365 days 6 hours as the length 
of the year. (See Q, on p. 354-5.) 

B. C. 333. — Calippus (of Athens) corrected a slight de- 
fect in the Lunar Cycle of Meton, by subtracting one day 
in four of those periods, or 76 years. 

At this time, or a little earlier, the Greeks, in colonizing a por- 
tion of Gaul, are said to have become acquainted with the astro- 
nomical notions of the Druids. 

B. C. 300. — AuTOLTCHus wrote two books, viz., " Of 
the Sphere which moves,*' and " Of the rising and setting 
of the Stars ;** in which he pointed out the phenomena of 
the Right, Parallel, and Oblique Spheres. (Def. 49, 50, 
51.) 

B. C. 300. — ^EucLio (contemporary with Autolychus), 
flourished in Egypt. Euclid reduced into order all the 
fundamental principles of pure mathematics which had 
been delivered by Tliales, Pythagoras, Eudoxus, and other 
mathematicians before him, adding many others of his own 
discovery. (Euclid was not an astronomical observer.) 

B. C. 264. ABISTABc^us (of Samos) taught, that when 
the moon is dichotomized, f we are| in the plane of the 
circle which separates the enlightened and the unenlightened 
portions. He strenuously advocated the Pjrthagorean system. 

B. C. 230. — ^Erastothbnes, assisted by the munificence 
of Ptolemy Euergetes, placed in the portico of AleKandria 
certain armillary§ spheres, (afterwards very successfully 

* »• «. to reconcile new obsenrations. 

f Cut into two equal and similar parts. 

X See S, anditt notes I and 2, on p. 301. 

§ An armillary sphere is a kind of skeleton sphere, consisting of 
several circumferences of metal put together in positions accori£D$ 
with those of the several imaginary circles of the heavens. One of 18 
feet diameter, and capable of containing 30 persons sitting within it, 
was, some years ago, constructed by Dr. Long at Cambridge. 
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employed by Hipparchus and Ptolemy the astronomer.) 
He attempted to ascertain the actual circumference of the 
earth, by finding the astronomical arc intercepted between 
the zeniths of two places (See V, pp. 228 — 9). By ob- 
serving the distances between the two tropical points in the 
heavens, he attempted to ascertain the obliquity of the 
ecliptic. He taught that this obliquity consisted of 23^ 
fifty-one minutes, (See def. 62.) 

AfltroDomen recognize a yery minute Tariation in the position of 
the ecliptic or plane of the earth's orbit, as arising from the disturbing 
attractions of the rest of the planets, especially ci Jupiter. The pre- 
sent mean obliquity of the ecliptic, as given in the Nautical Almanac 
for 1842, is 23<> 27' 35'' ^ :— the amount of itsrariation is 48" per 
csentury, or nearly one half second per annum. If we allow 16' for 
the change during the twenty centuries elapsed since Eratosthenes, 
his observation differs surprisingly little, considering the inferior 
means he must have possessed of being correct. 

B. C. 227. — Archimedes (of S3nracuse), (the Newton of 
antiquity, — contemporary with Eratosthenes of Alexandria), 
justly celebrated for the greatness of his genius and the 
variety of his inventions in mechanics and geometry — was 
-unacquainted with trigonometry properly so called — but is 
said to have determined the distances of some of the planets 
from each other, and to have constructed a planetarium, or 
exhibition of their motions. 

B.C. 1 3 5 . — HiFFABCHus (first of Rhodes and afterwards of 
Bithynia and Alexandria), is called " the great father of true 
astronomy." He first prosecuted the study systematically, 
and introduced trigonometry (see pp. 16 — 17) ; — By com- 
paring his own observations with those of Aristarchus he 
corrected the computed length of the year, and brought it 
very near to the precision of modem times. He discovered 
the excentricity of the planets and the lunar inequalities ; and 
in the laborious study of his own observations, and those of 
Eudoxus and others, he first recognized that slow apparent 
motion of the stars eastward, which, after being variously 
estimated by succeeding astronomers, led Newton to infer 
the fact of tihe Precession of the Equinoxes, (See illustra- 
tion, p. 354, &c.) 

It is from the projection of Hipparchus, that our maps and nautical 
charts are principaUy constructed. 

\* The science of Astronomy made little progress in the 

2 M 
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htmdMofthe GretkMcr Ronuau, dmring nearly ZOO yean, 
vis. t from Uipparchu tuUil — 

A. D. 1%. — ^Ptolbxt (of Alexandria), wlio made obsenr- 
ationa of bis own, constructed varioas tables, and preserved 
and transmitted the observations and principal discoveiies 
of the ancients. His system (named after him the Ptde- 
maic)t which is very similar to that adopted by Plato and 
Aristotle, placing the earth as the centre of the universe, 
was generally admitted for fourteen centuries, and is stDI 
held sacred by the Arabs, Persians^ and Indians. 

Ptolemy improved the trigonometry of Hipparchns, and is 
generally allowed to be entitled to admiration, for the per- 
severing industry which aided his penetrating genius in 
making discoveries of great nicety, although upon fietlse and 
very complicated hypotibeses. 

%* During the long period of 500 years, there wert 
various commentators on Hipparchus and Ptolemy jbutm 
remarkable astronomers, 

A. D. 640. — ^The Alexandrian Library, (the general de- 
pository of all human knowledge,) bum^ by the Saracens ; 
and the cultivators of science, assembled from every nation, 
dispersed in ignominy and distress. 

A. D. 750. — The Ababians became admirers and cul- 
tivators of the very science which their progenitors liad 
nearly annihilated ; and studied those works of the Ghneek 
authors which had escaped the conflagration at Alexandria. 
(This applies also to those Moors who had taken posses- 
sion of Spain.) 

A. D. 813. — ^Al Mamok (Caliph of Bagdat) himself an 
able astronomer, caused the " Almagest," or great work of 
Ptolemy, (saved from Alexandria,) to be translated into 
Arabic ; observed the obliquity of the ecliptic, and measured 
a degree of the meridian. 

A. D. 860. — ^Thebit (a Jewish analyst, geometer, and 
astronomer) corrected the observed obliquity of the ecliptic, 
and determined the length of the year to be very nearly 
that established by modem observations. 

A. D. 879. — Albatbgni (a Prince of Syria and Mesopo- 
tamia, " the Ptolemy of the Arabs/') corrected the obseired 
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apparent motions of the fixed stars ;* discovered the shift- 
ing of the moon's apogee ; — fonnd the true length of the year 
within ^0 minutes; — and formed new tables of the planets. 

A.D. 1020. — ^Absachbl (a Moor of Spain) improved 
trigonometry by constructing tables of the sines, instead of 
the chords, of arcs (F»p^ 17) ; — discovered certain inequali- 
ties in the apparent motion of Ihe sun. 

Alhazek (cotemporary) is said to have c^oovered the 
laws of refraction, (R, p. 185,) and to have pointed out the 
true cause of the morning and evening crepuscula. 

NoTB. — During a period of 500 years, (viz., from A. D. 
800, until the beginning of the fourteenth century,) the 
western portion of Europe was immersed in darkness. The 
settlement of the Moors in Spain, it may be said, however, 
had introduced the sciences, 

A. D. 1230. — ^The Emfebob Fbbdbbick 11. first began 
to encourage science by founding a university at Vienna, 
and caused the works of Ptolemy to be translated from 
Arabic into Latin. 

Alfhokso (King of Leon and Castile) cultivated as- 
tronomy himself, and encouraged a number of Jewish, 
Christian, and Mahometan astronomers of Spain in the 
pursuit of it. He is said to have ridiculed the complexity 
of the Ptolemaic theory. 

RooBB Bacon (an English monk) also, about this time, 
wrote tracts «n the lunar aspects, the solar rays, and the 
places of the fixed stars. 

A.D. 1400. — Ulugh Bbigh, (a Tartar Prince, son of 
the Sultan Shah Rohk,) himself an astronomer, formed a 
seminary for the learned at Samarcand ; — constructed an 
observatory, and invited men of science to his capital ; — ^left 
behind him a series of observations on the fixed stars. 

A.D. 1500. — JoHK Wbbkbb (a clerg3nnan at Nurem- 
burg) constructed a planetarium on the Ptolemaic hypo- 
thesis ; — comparing his own observations on the fixed stars 

* Hipparchus and Ptolemy had thought the apparent motion of 
the stars in longitude was one degree per 100 years ; Albategni con- 
sidered it to be one degree per 70 years. (Modem science has ascer- 
tianed it to be one degree in 72 years). 
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with those recorded by Ptolemy and others, he calculated 
the rate of their apparent motion in longitnde ; {see Precet- 
sum) — ^he first proposed the method, now in use, of finding 
the longitude at sea by observing the distance of the 
moon's place from a star. 

A. D. 1507. — For Copbinicus (see p. 214). 

A.D. 1550. — Ttcho Bbahb (of noble Danish famStf) 
was the inventor of a system intermediate between the 
Pythagorean or Gopemican and the Ptolemaic, — assigning 
tiie centre of the universe as the fixed place of the earth, bat 
allowing the sun to be the centre of the orbitoal motions of 
Mercury, Venus, Mars, Jupiter, &c. Tycho was, notwith- 
standing, the author of many brilliant discoveries. 

For Kbplbb, Oalilbo, &c., see " Progress of PkfsicQl 
Astranomg/* pp. 213 — il 5. 



APPENDIX, 



CONTAINING 



MEMORANDA IN VERSE, 



NUMBER I. 
A PLANETARIUM. 



Sir J. Henchel, who disapproves of <* those very childish toys called one- 
riesi" gives the following, as an illustration calculated to convey a correct 
general impression of the relative magnitudes and distances of the parts of 
our system : — 

<* Choose any weU levelled field or bowling-gteen. On it place a gl6be two 
feet in diameter ; this will represent the sun : Mercury will be represented by 
a grain of mustard seed, on the circumference of a circle l64 feet hi diameter 
for its orbit; Venus a pea, on a drcde S84 feet hi diameter j the Eartti also a 
pea, on a drde of 430 feet} Mars a rather large pin's head, on a circle of Om 
feet ; Juno, Ceres, Vesta, and Pallas, grains of sand, in orbits of from lOOO to 
1200 feet J Jupiter a moderate-sized orange, fai a drde nearly half-a-mile 
across ; Saturn a small orange, on a drde of four-flfths of a mile; and Uranus 
a full-sized cherry, or small plum, upon tiie circumference of a circle more 
than a mile and a half hi diameter." 



In the lines next following, the scale of distances and magnitudes 
jtat given from Sir J, Herschel is nearfy preserved : — 



Round a ttoofeet^wide Sun 

Let a Mustard-4eed run ; — 
$ 'Tis the Thibf-ood — at twenty-eight yards ! 

And at twenty yards more 

Let a Pea range the floor, 
9 For the goddess of tbndbr regards I 

2 m2 
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Shan there ht,ioo,a Pea, 
Fitting model of thee I 
e Mish^ Eabth I with thy mUUt-ieed Mooit ! 
Athat fur doMcn yard* 
8hdl the hu^-miiiided ''lordi . 
Of cnetion'' glitter in noon ! 



From greet Earth, glohole Iter ! 
Pan we then half ai frr 
Ai ahe it removed from the Son ; — 
i And the Wab-god'b pirn fiuie 
A watp'i head might dumoCy 
Aa hit drear suUen eirekt it nml 



On! on! fiurtorove, — 
1^ Well at cr»cA:ff^ with Jo vb!* 

Earth rolla not ont fifth from the Sun. 

Ah I deiolate ai^ht ! 
B $ Those graim iffdimaCd light 
f '^ Which midway may have circled in (me ! f 



Bat enoogh now of cricket, — 
Away from the wicket 
We'll pais near three hundred yards more. 
And puiy catcMall and quoits ; 
Nor forget the expbits 
h Of Saturn and Latium of yore ! 



But we frdn would not tire thee ; — 
Is it hard to desire thee 
To double the journey thou'rt come ? 
Go, now, cool down thy heat 
In yon shady retreat, 
W And let Uranub treat with a/j/um /— 



« A erieket-baU Is here giyen u » representative of Sir J. Herecbel*s •fwr- 
and a eaieh^baU repreMBU Satam below, instead of a smaller omBgc. 
t See I^ on p. S70. 
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NUMBER II. 

THB ORDBB AKD PLACBB OV THB BTMBOLB ON THB BCLIFTIC. 

*^* Thejirzt and third Una contain the aacending, and the 
second and fourth, the deMcending iigns. 

The Ram t^ and the Bull h, and the Twins ii> 
Crab S5, Lion SI, and Virgin iv above : — 
Scales ^, Scorpion m^ Archbr f, — ^bright signs ! 
Goat yr, Wavbs m, Fishbs x> southerly more. 



NUMBER III. 

The Ram and Bull, well keep in view. 

Are No. one and No. two : 

But it may oddly sound to thee 

That Gemini should number three ; 

Or Cancer, on our north-east shore. 

Should sideway crawl on number^/btir/ 

Walk up ! our Lion's q|uite alive I 

His paws and tufted tad are five : — 

When him you've view'd, in mem'ry ^ 

The Giantess * at numbcar iix. 

How should those Balances be even? — 

An equipoise of number »even / 

Will it for evenness a^sil 

To take eight knots from Scorpio's tail ? 

Blame not this hobbling Muse of mine, — 

'Tis Sagittarius kmes << the Nine/" 

Consult a Goat for music then ! 

Whose eyes, ears, horns and feet are ten / 

'Twill take an hour to reach yon haven, — 

Then call Aquarius at eleven ; 

And, when we've thus attain'd our wish. 

We'll dine at twelve on yonder Fish. 

The lines of No. 3 are useful in finding the places of planets, 
&c., when their longitudes are given in signs and degrees. 

Tims, if >f- were |ii 8 dfns 7S L e. 7^ in the ninth tUgn, it will be cmt to 
•MOdato '< the Nini " with the deeds of " Sagittarhu," Ac. 

* <• e. Virgo (» large coiistellatlon}. 
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NUMBER IV. 

THX DATS ON WHICH THB SUN BNTBBS THB DIFVBXIKT 

SIGNS. 

On March twenty-first. 

As the Rah quench'd his thirst 

He frigfaten'd the neighbouring fishes : — 

Bttt he gsmboPd the green 

Until April nineteen. 

When the Bull pat sn end to his wishes ! 

On the twentieth of May, 

(A serene sonny asy,) 

The Twins were for holy days wishing ; 

But were "kept in" 'till noon 

T\Denty'first (ffglad June, 

When they rsn, without leave, to CRAB-fishing. 

Now Lbo's rosr nigh> 

Twenty-tecond July, 

Shines the shore Uke the clarion's war-gitst ! 

'Till the brute's rav'ning pace 

Yields to Virgo's soft grace, 

On the calm twenty-teccnd ofAugtat, 

So mild Justice preyails 

When fair truth holds the Scalxs 

On the twenty-third day of September : 

Mark her face ! need she fear 

Twenty-three * drawing near. 

Or fell Scorpio's venomous member? 

Hark away! Tally ho! 

With a horse and a Bow, 

After twenty-two days of November ; — 

At the Solstice, afloat. 

We'll let fly at the Goat 

On the dark twenty-first of December : — 



« i. e. the twetUp-ikird of October. 
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But see Sol's length'ning beams 

On yon Waterman's streams ! 

Of that twentieth old Janus * be wary; — 

For, asainst his stem wish, 

I caught two of his Fish 

On the nineteenth of last February ! 



NUMBER V. 

THE SIGN AND DBGRBB BELONGING TO THB FIRST DAY OF 

BACH MONTH. 

On New Year's day, (as hisf ry notes,) 

A shepherd led ten frisking Goats 

To browse o'er yonder strand ; 

But February dawn'd,— he fled ! 

Twelve mountain Waves the pasture spread. 

And delug'd all the land; 

And blust'ring March, his cheeks distorting. 

Saw o'er green fields ten Fishes sorting ! 

When waves as vapour clothe the sky. 
And April show'rs, and zephyrs sigh. 
Eleven Rams the pasture share ! 
'Till May, with aid of Flora's grace. 
So fertile ^nds his dwelling-place 
Ten Bulls can fatten there ; 
And June beholds sad truant deeds. 
Ten Twins wide roving o'er his meads ! 

On Julyflnt I search'd the shore 

And found eight sid'ling Crabs, — no more — 

For soon 'twas time to flee ; — 

August sent eight fierce Lions down 

From vonder heights tliat darkly frown 

In leafy majesty I 

September's ninth fair Virgin daughter 

Repulsed the brutes, and sav'd the slaughter. 



* i. e. the twentieth of /antiary.— The ancient Janus was represented with 
two faces. 
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October low'riy and sore bewails 

The oddness cf bit teven Scales ; 

And much he frets, and fears 

November, brooding treach'roos thinesy 

Who hides eight Scorpions 'neaih her wings. 

The Harpy <n our years ! 

But well away and, glad, remember 

Thou hast nine Archers, brisk December ! 



*«* The foregoing lines (No. 5) will be found of very ready 
senioe in aseertaming the sun's place for any proposed day ; — ^for, 
ainoe the sun's rate of apparent motion is about one d^ree per 
diem, io« thaHl altowt get an amwer euffidentfy correct, by merdif 
adding the day of the month to the number given J'or thejint day 
^tha month. 

N. B. If the date should be so fror advaoioed in the month, ss 
that the addition of it to the number given produces more than 
30, — tiie excess will shew so many d^^es in the next sign. 

Exampkt, 

For ttie sun't place on the l5th July, add 15 to " eight ridling CMm^** and 
we get ss« in Ctmett, 
For 9tli Febmary, add g to " toe/ve moiurtaiB waves," and we set si« ib 



For S0th October, add 90 to " Mven Scales/* and we get 33«» ahewing tbe 
aiin't place to be s« in the aert aign, or a« in 8eorpi». 
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NUMBER VI. 
CONSTELLATIONS* 

VISIBLE IN 50** NORTH LATITUDE, 

Taken in their average declination, and in the order of 
their appearance from left to right, as viewed in north 
latitude. 

" The constellations seem to have been ahnost purposely named and deli- 
neated to cause as much confusion and inconvenience as possible. Innu- 
merable snakes twine through long and contorted areas of the heavens, where 
no memory can follow them ; bears, lions, and fishes, large and small, north- 
ern and southern, confuse all nomenclature, &c. A better system of constel- 
lations might have been a tnateruU hetp as an artificial memory,"— Her$chePt 
Aatrofumjf, p. 163 (note), 

* These Rhymes on the Constellations have been fomid of 
considerable assistance, not only in seeking an acauaintance with 
the pictures of the celestial globe, but in tracing these imaginary 
forms in the sky. — For the Great Bear is known to every one ; 
and, as may be seen, the beginning of each circling section, 1, 
2, 3, 4, may be referred to Ursa Major. — ^Thus, the second 
begins with Bootes f " Arctophylax," or the Bear-keeper)— the 
third begins with Leo (" under feet of the Bear ")— the fourth, 
with the Sextant (" under the Great Lion's paw"), &c. 



1. 

'Twin be hard to describe 
So motley a tribe : — 



Ursa Major, Camblo-pardalis, 

Lofty " Cass " (o), and her King (6), 

And Draco, dread thins ! 

And yon Less Bear, wno tied (c) by the tail is ! 



a That is, Cassiope (four syllables with the accent on the second) or Cassi- 
3pea, (accented on the penult) the wife of Cephens. 

6 CcpAeiM. a king of ^Ethiopia. 

c The pole-star is at the end of the tail of Ursa Minor, which therefore ap- * 
pears to revolve aboutit, as if thus " tied.'* 



408 RBTMIB OW THB C0K8TKLLATIOK8. 

2. 

Bright BooTiB * itfll thinks 

EUi Dogs chue the wild Ltnx, 

But Auriga must guard his Capilla : — 

Hast thou read dassic lore 

Of bold Perseus of yore ? 

Of tiie Gorgon {d), and all that befd her ? 

Through the glass, O ! how grand 

Is that nebulous hand (e) ! 

And Algol how strange {J') in the other I 

For the Daughter (g) in zeal 

Let him brandish his steel ; 

But beware of the Throne of the Mother. 

Hark ! 'tis Cygnus that sings (A) 

As she flaps her wide wings^ 

And yon milky- white stream how she steins ! 

Snatch the Lyre, as 'tis meet. 

From huge Hercules' feet. 

And tune high to Corona's bright gems. 

3. 

Under feet of the Bear 

Is the Lions' dread lair; 

But the Crab lies unhurt at their noses ! 

Much more wonderful still 

Is yon neighbouring hill 

Where eacn Twin m soft safety reposes ! 

Have a care, my good boys. 

Of yon horns,— oryour joys 

WiU be sorrows ! Haste, some one to seize him 

Place Triangles for check 

Over Taurus's neck. 

And let Muse a leave Aries to tease him. 



* Bootes is also named "ilrc/opAsr/cur,** or the Bear- ward; but his oocnpft- 
tion, judging from the engravings generally introduced on the g^obe, is Otf 
of hunting the lynx. 

d The head in the left hand of Perseus is that of Medusa, the <»ilx aneof tte 
Gorgons subject to mentality. 

e See Z, on page 375. 

/ See description of Variable Stars on page 980. 

g Andromeda, the daughter of Cepheus and Casslope, who^ras about to kr 
■acrlflced to the rage of a sea-monster when Perseus rescued her. 

h The ancient poets faUed the singing of swans. • 
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Fair Andrombda's grief 

Shall soon meet with relief. 

As her case we've ahrcAdy considered : — 

Shall win^d Pbgasus' pace 

Never quit that square space (i). 

Nor his hoof be removed from the Lizard ? 

It is well he's confined 

To the rock close behind. 

Such a multitude seems to way-lay him ! 

Could the Fox save his Goosb 

If he were to get loose. 

Or Dblphinus, or AauiLA, stay him? 

Sbrpentarius dreams 

Of no danger it seems. 

But his h€»d is surrounded with evil ! 

From that thrbb-hbadbd dog {k) 

Or dread Hbrculbs' log, 

£ven flinching, he'll flinch at his peril ! 

Can Bootes forget 

Bright Arcturus is set 

As the brilliant to buckle his knee ? 

Let not Virgo despair, 

Bbrbnice's bright hair 

Shall unhurt by his Doos ever be. 

4. 

Snatch the Sextant (/) from under 

The Great Lion's paw yonder. 

And steer clear over Hydra's wide bay ; — 

Jump ashore, and astride 

On MoNocERos ride. 

And let Procyon (m) shift as he may. 

i The large constellation of Pegasus may be marked by its three principal 
stars, which are nearly of equal brightness, and form the three comers of a 
square haying, for its fourth comer, a star of equal magnitude in the head 
of Andromeda. 

k In most of the representations of Horcules giren on celestial globes, he 
liolds in one hand -what may be supposed to represent the trophy of his twelfth 
labour, Pluto's three-headed dog Cerberus ; and in the other his club. 

/ The Sextant is a constellation rery inconsistently imagined by Hervelius, 
a German astronomer, in the 17th century. 

m Proeyon is derired from two Greek words, signifying that the star pre- 
cedes the dog. The star had also the synonymous Latin appellation " ante- 
canis *' (antecanem), because it rises before Canis M^Jor, or Camicula, the 
*' Dog Star."— Canis Minor appears, on our globes, to be riding on the back 
of MonooeroB. > 

2n 
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Haric ! — did'st hear that loud cheer ? — 

Let Obion iqipear ! 

Chedi the reiii, nor approach thee too near him ;- 

Mighty Nimrod (n) of old. 

Not more bright nor more bold. 

Made the whole of the nations to fear him. 

Bring the gbun* and sunrey 

That most brilljant array ! 

Look at Rigel (o) Ids spur ! and his shoulders ! 

BMUrix ! Beteigeus f (o) 

O how dim are the Duke's ! 

And his scabbard (p) what worlds for beholders ! 

Why, that Scbptbb (9) he'll kick 

Like the commonest stick I 

See it into £bida.nus rolling ! 

(O were Cbtus' wide mouth 

Very little more south ! — 

Then we loyals must up and go polling !) 

Most odd-Fi8HB8 are they ! 

Although coupled they stray ! 

One nibbles Andromeda's vest; 

Whilst its fellow holds course 

Under wing of the Horsb, 

And seems to like southern things best. 

For he's " crossing the line " : — 

But I cannot divine. 

In the stream from Aquarius' urn 

'Though smaU fishes may float. 

How that monster Sea-Goat 

Can find depth or find width to return. 



n Orion is celebrated w a hantuig companion of Diana, of 
gtxengrth and statare. Nimrod, the greKt-giandaon of Koah (mentioned Gea. 
x.)t began his conqoestB as *' a miglitjr hunter." 

o Rigel, in Orion's heel, is a doable star,— the individoal stars beins of vw 
imeqaal magnitodes: — ^Betelgeox is a larger star than BeUatrIx, and in n- 
markable contrast with Rigel for the redness of its light. 

p The middle part of the scabbard of Orion's sword, ^riiieh to Hms iiinpiiiiitfr 
eye appears as a small and rery doll star (0), is one of the mosA wonderia 
objects to which the tdescope can be directed. It is a great nebols d 
remarkable form, in which are interspersed between fifty and aix^ sul^ 
stars. 

q The Sceptre, at the foot of Orion, is not plctnred on flome globes. 
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« 

Young Antinous scorns 

Capricornus's horns. 

But his Carrier's (r) talons must tear him ; 

To be sure he'll be heal'd 

If, in passing the Shield, 

The Eagle to westward ^ould bear him : — • 

Ophiucus' skill'd hands 

Seem to wait for demands 

While the Doctor that Serpent is plying ; 

Esculapian (s) pride ! ' 

Like his med'cine, aside 

His Scales are in idleness lying. 

Pass the Doctor, for look I 

We have work for the Cook ! — 

See a Fowl, and some Corn {t% and the Crater ! 

How is appetite now; — 

Yonder Fowl is a Crow ? — ' 

Let our Cook try her skill somewhat later ! 

5. 

Near Monoceros' feet 

And Orion's, there meet 

Canis Major, the Hare, and the Dove : 

Near the tail of the Whale is 

Bright Piscis Australis, 

Who swallows the stream {u) from above. 

Turning back from the Goat, 

Sagittarius shot 

At the Scorpion's mischievous (v) station ! 

It were well if each aim 

Of all sportsmen could claim, 

So fairly, its justification. 



r Aqiiila, the Eagle, the bird of Jove. Some have imagined that this repre- 
sents Japiter, who is ftibled to have assumed the form of an eagle to carry off 
Gfloiymede. 

a Ophiacns (from two Greek words signifying serpeni-holdiMg) represents 
Uie ancient iEsculapius, the god of medicine, whose symbol was a serpent. 

t Spica, the ear of com In the hand of Virgo. 

« liie stream from the urn of Aquarius. 

V The Scondon appears as if about to attack the foot of Ophiucus, or Ser- 
pentarins. 
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A NOTICE OF SOME PHENOMENA OF THE 

HEAVENS, 

Presented during the first of September, in lat. 50^ N. j- 
whilst journeying in the plane of the meridian. 



The pupil must accommodate the lameness of ^e poet, by stretchiiis his 
thoughts oyer a champaign of twelve miles* extent (somewhere ia latitude 
50^)— having some hills in the extreme south, with the sea lying towanl the 
west of them. 

A stile is to be supposed at no great distance sonttiward of the Bhymer^ 
residence; leading, first, to a village road ;— on the left (cnreast) of which isa 
lake of considerable extent, bordered on its farther side by a wood ;— and the 
road from this stile throughout the said champaign is generally uninter- 
rupted. 



Set now thy face towards where the Sun * 
Appears ; — just half his day-task done ! 
We'll pace, due southward as we can. 
The " Plane of the Meridian'* (a):— 
But mark his course, — Sol's towering height 
Droops from this instant towards our right ; — ^t 
His Azimuth (6), '^ east from south '' before. 
Now westward reckons more and more. 

Keep on ! — ^we'll give thee twelve good miles 
To the south sreen 'midst yonder hills. 
And thou shall rest those willing feet 
The instant that his disk shall set. 

But stop ! — ^pray gather in thy breath. 
We'll not astronomize to dea& ! — 



* The apparent diameter of the sun, which may be found by the time it tskcs 
in crossing the meridian- wire of atranslt instrument, is, on the 31st of Deecsi- 
ber, 32' 35'^} and on the 1st of July, 31' 31''. Iliis diflference ariaea fkom oar 
own change of distance, whilst revolying about him in an dllpse. 

a See def. 18 \ and O and its note, on p. 9. 

t It will be borne in mind, that this is when the observer is notHi of tiie son; 
as his westward apparent motion will be towards the '* l^ft " of any one looUag 
at the sun from a station south of him. 

b See def. 45, and its note. 
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Point that warm finger over-head^ , 

Then through him to yon ocean-bed : — ^ 

Now, reckon,the degrees between \ 

That finger and thy resting green, > 

(In yonder clear horizon seen : — ) 3 

It is this moment's Azimuth, — 

Sol's bearing from the distanced south ! 

Next, mark the hour and minute hands 

Where yonder ivied turret stands ; — 

'Tis^vc o'clock, — and thus (c) is given 

This morning's Azimuth at seven. 

Here see thee safe ! and down he goes ! 
Take (rf) Amplitude ere we repose : — 
** Twelve from the west toward the north :" — 
Now rest ! and — '* Waiter ! lay the cloth !" 



O wise the laws of adaptation 
In our, and every other, station 1 
By air's refraction and reflection (e) 
Antipodes e'en have connexion ! 
Cur's saw Sol rising ere he s^t; — 
(Thus cannibals and courtiers met. 
At least in gazing) : — but anon 
We'll dwell this subject more upon. 

Sol's disk has gone, — not all his beams ! 
See how yon crimson'd lattice gleams ! 
Whilst we refresh he'll still supply ^ 

Our twilight, nor his aid deny > 

Though yet he glows in Zealand's sky. J 

e)ften, of earthly good bereft, 
an views his right hand and his left. 
And says his " comforters " are gone. 
And all is dimm'd on which thev shone ! 



c The sun»s azimath from the south or north toward east in the forenoon, a 
the same with that from the south or north towards west in the afternoon. 

d See def. 46, and its note. . . ^<. 

e See note 4 of M, on page 183 ; and R and its note, on p. 186. A pwty oi 
Dutchmen, who wintered (1596) in Nova Zembla, (lat. 7fl) saw the sun of 1597, 
six days before his time. The elevating effect of the reflraction of our atmo- 
sphere on an object at 45*', or half-way between the horizon and the zenitn, is 
about 1' only j but at the horizon it is, at an average, as much as 33 , or more 
than the whole an;>arent diuneter of the sun or moon. 

2 n2 
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O, did he stniglitway niie hit view 
^, Towardi Him who takes, but gave them too 1 
*' E'en a soft radiance woidd he find 

Beaming from mercies left behind^ 

Till Stan break forth, or op'ning day 

Shall cheer and guide his rutore way.} 



Now to return : — Can'st thou help find 
The homeward track we left behind ? — 
Tis dark ! nor moon nor star is seen 
To guide us o'er this mazy green I — 
The mariner's unfailing mend {f) 
Must shew which way our steps must tend 
But mark I this quiv'ring variation (g) 
Is westward of our northern station ; 
It pointa near twenty-five degrees 
To ito own pole in icy seasi; — 
We'll keep ito tendency in sig:ht. 
And hearjtat so much to the right. 

See here the stile ! our northward track 
Lies beaten all the journey back ! 
(When some, who, as the Scriptures say. 
Have cried, " A lion's in the way !" * 
Begin with honest, earnest, eyes, *> 
To seek the aid their lot supplies, > 
Quickly the raging phantom flies — 3 
They gain a friendly stile, and bless 
The road of ease and happiness !) 



I'm glad to see thee " staff to shoulder," 
Mine aids two legs grown somewhat older : — 



/ See MA0NKTI8M, on pp. 200, &c. It is uncertain which nation first made 
use of Magnaetic Polarity to determine positions on the surface of the giobe :— 
*> It is said that a rude form of the compass was inrented in Upper Asia, aw: 
conveyed thence by the Tartars to China, where the Jesuit missionaries fomi 
traces of this instrument's having been employed as a guide to land travdloi 
ia very remote antiquity. From that the compass spread oTer the eatt, aai 
was imported into Europe by the Crusaders."— Mrs. SomerviUe. 

g See Y, on p. 204, and C, p. 206. Columbus is said to have first noticed tbt 
variation of the compass as he crossed the Atlantic. 

* Frov. xzii. 13. 



PLAKB OF MBBIDIAN. MOON. — HAaVXST MOON. 415 

Now learn I were thine, thus plac'd, to grow 
To height of fir 'midst Alpine snow. 
And did that knot its fihre shoot, 
'Till earth's dark centre felt it root ; 
Those feet, that shoulder, fibre, stem. 
Whilst north as now thou beared'st them. 



How far soe'er thy steps might go. 
Would " Plane of the Meridian ^ (A) 



show. 



But see the mists dissolve ! and, through 
Yon curtain'd gauze, the spangling blue 
Bears Luna's dwindled face to view ! 
She, " faithful witness !" to our eyes 
Reflects the light of hidden skies; 
Yet, busied thus earth's sons to bless. 
Still more intent (i) her course to press ! 

(Daily like her's be thy course run ; — 
Like her keep nearing to thy Sun ! 
And more of inward lustre find. 
As earthling eyes thou leav'st behind ; 
Till, cloth'd, like seraph, in His light. 
Thou disappear from mortal sight I) 

Though north of east, her cusps display *} 
Their silver with but feeble ray ; ^ 

And late her rise, and short her stay; j 
But whene'er whit'ning fields shall bend 
Burthen'd with blessines, she'll attend. 
Prompt (k) with her fullest lamp, to light 
Our needy North throughout the night ; 
And, crossing the Prime Vertical 
As loath to quit the scene, she'll fall 
Far past the west at mom (/), to make 
Her absence short for harvest's sake. 



} 



Do'st wish to know 
What gave me the due east just now? 



A See O, and its note, on pa^ 9* 

t See iUastration of the moon's real path, on page 309. 

* See " Habtsst Moon/' pa^ 318. 

{ M, on page 319. 
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Yon rising triplet cut thine eye on, — 
The girdle gems (m) of bright Orion f 
One shines upon the Equinoctial, 
Ninety degrees from yonder Pole ; 
And ev'rv star in that line placed 
Rases and sets due east and west : — 
Great Sol himself will there appear 
Twice as he measures out our year ! 
And equal, then, his kindling sway "^ 
In northern, or in southern, day, > 

O'er Sandwich land, or Melville Bay, J 



See yonder Bear / his tail is curbed ! 
(Earth's bears are tailless (n) be't obsenred) 
Just now his head is east of north. 
And he seems growhng gruff, in wrath 
At rising Twins, and fair Capella, 
As old Auriga goes to sell her ! 

Some take that tail for wa^n-horses, — 
His brilliant back the Wam (o) of course is ; 
Now, tie those hinder wheels together 
And stretch the cord ; — 'twill serve to tether 
Yon Little Growler by the tail {p) ! 
Thus seek the Pole and never faiL 

(But yonder Polar Star is placed 
Or high, or low, or west, or east. 
Near two degrees (p) by our revolving : — 
I'll leave this problem to thy solving.) 

m The most northern of these three remarkable stars, is about half a d^ree 
south of tbe equinoctial. There is no other remarkable star shining: on it. See 
also Examine 9t on jfnge IS9« 

n Professor De Morgan quotes the following firom an old work on the staxs :— 
** Seholar.^1 manrdl why, seeing she (Ursa Major) hath the forme of a beaie, 
her taile should be so long. 

*' Matter. ^l imagine that Jupiter, fearing to come too nigh unto her teeth, 
layde holde on her tayle, and thereby drewe her up into the heaven ; so that 
shee of herselfe being -verf weightie, and the distance from the earth to the 
heavens very great, there was great likelihood that her taile must stretdi :— 
Other reason I know none." 

** When men indicate the stars by figures borrowed from obvious resem- 
blances, they are (often) led to combinations quite diflierent fitnn the reodved 
oonstelUtions. Thus the common people of our own country find a wain or 
wagon, or a plough, in a portion of the great bear.** — Whewell, Homer also 
calls the Great Bear, a wain. Od. i. 

p The star of the second mi^^iitude, called the Pole-star, and whidi is at 
the tip of the tail of Ursa Minor, is not at the polar point, but 1 |o removed finm 
it i and hence appears to revolve around it in a circle of 9^*> diameter. 
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Whaf s here ? our other crossmg stile ! 
Now let us sit and rest awhile : — 

[Impediments thou'lt oft-times meet 

As life employs thy busy feet ; 

But if, as now, thou stop to muse, 

(As they are given thee to use) 

And turn thine eyes, and view the road 

Which, oft, too thoughtless steps have trod. 

And, resting grateful thus, survey 

The glowing mercies of the way ! 

Full many a hind'rance, in the end. 

Will prove, — ^like this good stile, — ^a friend.] 



Now try if Luna's loftier face 

Enable us the time to trace ; — 

See Aries* head is culminating (q) ; 

In " periwig of wool" debating 

The straightness of the road we've come : — 

We're near arrived, — ^he's half-iDay home : — 

(Do'st think he's envious ? O, no ! 

Envy is dark, and dwells below ! 

Is't pride so lifts his head on high ? — 

There is no pride above our sky !) 

'Tis now past three ; he rose at seven ; 
He'll set this momins at eleven : 
Thus, (it is worthy of remark,) ^ 

Across our southern track, each spark \ 

Measures its half diurnal arc (r). j 



See Cygnut dives, as if to rest ! 

In az'muth («) ' thirty north towards west ;' 

Whilst Aquila, Jove's errand slighted {t). 

Dropping Antihous west, alighted. 

As Cants Major's brilliant nose (u), 

Full scent on Lqms just arose ! 



q See O, pa^ 9* 

r See ' Remark ' to FroUem Y II., page 80. 

9 Note to F, page 8. In lat. 50<> N, 7, the middle star of CygnuB, only 
tovcbes the n<nrtii point of the horizon. 
t See 'AniiatouB * CAAjrme* on the ComteUatbma) , 
u StrtM, the brightest of all stan, is at the nose of Ca$ti$ Mt^cr, 
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See Bigel, Procyon, Siriiu t rays 

That rmnrd bear of ancient days ; 

When she who gave fair Science birth, 

(Now <' basesf ' of the reahns of earth !) (v) 

Not ehoosing to retain the light,* 

Was " ffiven o'er" to groping night ! 

And *' dianjKd the Truth" of the Most High, 

Into a grorling, darkening ** lie !" 

Bringing earth's hallowed offerings 

To lowing, mewing, creeping, thmgs ! (to) 

And deeming yon mere brilliant bomi (x) 

Powerful to pnt or heal her stream ! 




lamp 
View yonder forms ! — each cries aloud 
'' The world by wisdom knew not God !" * 

But what view'st thou in yonder star? {z) 

Where drops its vertex ray ? — afar — 

O'er swarthiest Madagascar I 

O ! I have seen who kte had crossed (a) 

Ocean's wide wave from that dark coast. 

Who brav'd the torture-screw and spear, "^ 

Not counting life as conscience dear. 

Whilst heathen tyrant raged near I 

And still there stand, {h) on that stain'd shore. 

Compeers of suff 'ring saints of yore ! 



i 



e The extreme degradation of iEgypt was foretold. ( Ezekiel xxix. ▼. 1 5; . 

• Eom. I. T. ai— as. 

w The oz, ape, crocodile, cat, beetle, &c., were oljects of ancient Egyptian 
Idolatry. 

X The iEgyptians paid divine honours to Sirios, under the name of Im.SMAu. 
(See note on page 369.J 

t 1 Cor. I. Y. 21. 

g About 4 o'clock A.M., 8d of September. Sirios vertical near Gape East 
Madagascar. 

a The Malagasy refugees are fine modem examples of the converting and 
sustaining power of the gospel. Of these six Christians, two are females, and 
one of them, Rafaravavy, a woman of rank, who, in the days of her ignorance, 
was a zealous promoter of the idolatrous superstitions of her country. They 
arrived in this conntry in June, 1839, from the Maoritius, having, after 
several months of imminent peril, escaped thither from the persecuting fnrjr of 
the queen of Madagascar. 

b On the 9th of Joly, 1840, ("since the above was written,) nine (tf the nu- 
merous native Christians of Madagascar suffered martyrdom. On their ap- 
prehension they thus addressed the agents of the government : — *' We are met 
bandUH or murderers, we are praying people ; and if this make ua gvU^ m the 
kingdom of the queen, then, whatever the queen does, we submit to st^er,** 



AFPABBKT BBABING. FLANBTS. MOON's NODBS. 419 

Liftmg faith's waiting eyes, to trust 
His ann who vindicates the just ! 
And thus, in pointing yon fair gem 
Whilst thus we sitTuou point'st to them ! 

[But be aware ! — to all not nigh 
We point amiss (c) not pointing high : — 
So when, with critic gaze, we scan 
Each foreign view of Christian man. 
We judge amiss ; Earth warps our view ; 
(As all truth one horizon knew !) 
But when, with loftier aim, the eye 
Seeks ^dance beaming f]X)m the sky. 
And faith regards, with nobler sight. 
The purely true in perfect light ; 
We feel that all are joined above. 
We own our brethren, and we love !] 



Trace now the Ecliptic, {d) we have seen 

Arie$ on the meridian : — 

The Bull and Twins stretch south and east ; — 

The Fish and Water, south of west ; — 

The Crab, — is on yon eastern shore ; 

The Goat, — ^will soon be seen no more. (/) 

Near yon Ecliptic line there move 

Mercury, Venus, Earth, Mars, Jove, 

And Saturn with his double ring. 

And Herschel's star, (mysterious thing !) (g) 

Eight degrees, north and south, include 

Each ever varying latitude (A) ; 

Whilst Luna on her monthly road 

Crosses it twice to form her node (t). 



How tenderly the moon's white flood 
She pours, to hush yon margin wood {k) ! 
And each leaf sleeps ! Nature's pure chUd 
Which, at late eve, was dancing wild 



e See ' Remarks ' and their note, preceding Problem IX. on pp. 84—85. 

d Seedef. 61. 

/ That is, is nearly setting. 

fSee H on page S, and * Unuras ' on p. SOs. 
See 'latitude * of a hearenly body, on page ISS. 
i See pp. 3<M, &c. 
k See note at the commencement of this piece. 
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To watch yon lake's red wrinkliiig hct 
Mock all around with broad erunace. 
Now see demure that mimic ue. 
To picture true jon vaulted sky ; — 
Approach hia fiuthfnl brilliant sketch, '^ 
And her swift wing let Fancy stretch > 
From Zealand's zenith (/) aid to fetch, 3 
And what find'st thou ? — the perfect Sphere ! 
Thyself, — alone I the Centre, — here I (m) 
And Etfth ? — ^is not ! or gleams afar. 
Near yonder speck, the duller star 1 
Where pride? where slavery, and war? 
1 where she rolls 'midst sister spheres 
Is there one else in sin ! — ^in tears I 

Or, can it be I amongst yon vast. 

One else rebellious, which the blast 

Of Justice have not yet o'er-pass'd ! 

Yet, hover angels there to bring 

" Glad tidings ?" — or do seraphs sing 

Of pard'ning love for sinners there ? 

As when, ofold. Earth's tainted air 

Rang extasy, * that Jesu's ^race 

Made her, marr'd speck. His dwelling place ! 

But where is Earth if yonder zone (n) 

Of milky film contain the Sun ? 

If he, transplendent " star of day !' 

In yon abyss can lose each ray ? 

Or all dxfi glories must unite 

To form one speck of faintest light ! 

(Mere misty speck great Herschel deems 

From many a firmament he seems !) 

O what is Earth 1 what Earth's chief throne. 

When laurell'd, crimson'd, toil has won 

The shifting heap to pant upon ! 

Tet lowly thou, and meaner I, 

Link'd to their Lord's infinity. 



I Our antipodes, (somewlutt soiiCh of New Zealan<U having, at any time, 
abore their horizon, the heodsphere of stars hidden from us. 

m The lower hemisphere of stars beln; imaged to be tiiat which appears 
by reflection in the lake, the observer may fisucy himself to be at the centre of 
the great Celestial Globe of the sky. 

« Lnkeii. 13. 

n The Galaxy, or milky way, (def. 107, and 1> and F, p. 970.) We could hsTf 
wished that the moon had been absent, and that the time (4 o'cloclO had bees 
less adTanced, in order to have had a better view of the galaxy. 
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PROVIDBNTIAL CABB. BOMB. — MOBNINO TWILIGHT. 421 

As much are objects of His care 

As all yon shining myriads are I 

As vigilant His Eye of thine 

As 'erst of Adam's young design I 

Full o'er my path has mercy shone 

As I had been His only one ! 

Who tends, as though its need were all. 

The raven's cry, the sparrow's fidl !* 



Now let us home : — ^what 1 take a run? 

Leap'd over after all ! well done 1 

The faint grows fresh as home he sees ;— 

There is a voice 'midst yon ht trees, 

A still small voice, — of sov'reign pow'r 

In any clime, at ev'ry hour. 

All stop to list to Pmlomel, 

All love to hear the lark's ftdl swell ; 

But they are melodies of Spring; — 

Home's Tear is tune, — ^her sparrows sing ! 

But what comes yonder, north of east ? 

A Herald ! {q) to proclaim a guest 

Who travels yet fifteen degrees 

In view of our Antipodes ! 

He'll come ; his rising place is known 

Well as he ''knows his going down."t 

[Happy the man, by day, by night. 
Safe guided by celestial light ! 
Thrice happy who, life's joume)r run. 
Can feel me s * journey-work 'J is done I 
Who, through the chequered, careful, road. 
Trusted a pard'ning, strength'ning, God ; 
And now, on earth, 'ere close his eyes. 
Can trace the twilight of the skies ! 
Glad earnest of Heav'n's fullest ray 
Of joy " laid up" against that day !§] 



* See qnotatlon from WhewelPt Bridgewater TreatUct G, on page 5. 
q Twilight, the Ban being within the distance mentioned, of the horizon. 
t Pe. dv. 19. t Job ziv. 6. 18 Tim. ir. 8. 
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GENERAL INDEX. 



(for index to PB0BLBM8,. SBB THB IKTBODUCTION.) 



A. 



Aberration of [light, def. 103; 

also p. 265 
Absorptionof Light, M 182—183 
Acceleration of Moon's mean 

motion, D 307 
Achromatic Telescope, &c., foot- 
note, 261 
Acronychal, 358 
Action and Reaction H, 208 
Aeriform, 6 168 
AeroUtes, Y 287 
Air (of the Atmosphere), what 

it consists of, 177 
— , Providential deviations with 

respect to, 178 
Airy, Professor (extracts from), 

219—220 
Algol, variation of its magnitude, 

M280 
Albategni, <* the Ptolemy of the 

Arabs," 398 
Alexandrian Library, 397 
Alhazen, Moorish Astronomer, 

398 
Al Mamon, 396 
Alphonso, King of Leon and 

Castile, 399 
Altitude of a heavenly body, 

def. 44 
Alum, very thin transparent plate 

of, 1 of Z 189 
Amphiscu, def. 72 



Amplitude, def. 46 ; also p. 413 
Anademma, def. 66 
Ancient Observation and Disco- 
very, Chronology of, 393—400 
Anaxagoras, 394 
Anaximander, 394 
Anaximanes, 394 
Andes, Influence of, K 295 note 
Andromeda, note, 408 
Angle, L 2, and 3 on p. 3 
Angle of Position, def. 47 
Angular Motion, (Velocity,) 100 
Animals, inferior, susceptibility 

of, 197 
Annual Distribution of Light and 

Heat, 113—117 
Antarctic Pole, Circle, &c., def. 

10 
Antarctic Expedition, foot-note, 

205 
Antecanis, note, 409 
Antipodes, def. 79, also remarks 

on 149—150 
Antoeci, def. 78, also remarks on 

149—150 
Aphelion, def. 97 
Apogee, def. 94 
Appendix, 401—421 
Apparent Bearing, 419 
Apparent Noon, def. 85 
Apses, or Apsides, def. 98 
Aquila, note, 411 
Arabian Astronomy, 398 
Arago, M., Y 285 



424 



INDBX. 



Are, Binmal, def. 33 

, Noetnmal, def. 34 

Archimedes, V 219 ; also 397 

Arctic Pole, Circle, &c., def. 10 

Arctophylaz, note, 408 

Areas, jBqiial (Kepler's second 
law oO, M 236 

Aries, 416 

, first point of, lOR 

Aristarchns, 396 

Aristotle, V 218 ; also 396 

Armillary Sphere, foot-note, 396 

Arsachel, Moorish Astronomer, 
399 

Ascension, Bight, def. 52 

, Obliqne, def. 54 

Ascensional Difference, def. 56 

Asdi, def. 73 

Ashtaroth, a name of the Moon, 
299 

Aspect of a Planet, &c., def. 89. 

Astarte, a name of the Moon, 299 

Asteroids, 269 

Astrology, 390—392 

Astronomical and Civil Beckon- 
ing, def. 82 

Astronomy, Physical (Progress 
of), 213—215 

Astronomy of the C h al d eans, 
V393 

of the Chinese, 



W393 
V393 



of the JSgyptians, 



. — -ofthelndians, X394 

of the Greeks, Y 

394 ; also 395—396 

of the Druids, 396 

ofthe Arabians, 398 

Atmosphere, &c., of the Earth, 

170—172 
, Bnlkof,2ofM170 

— , Pressure of, 5 of M 

170; N and notes, 171 

, how heated, Y 175 

of the Priinary Pla- 
nets, 6 on p. 247 

of the Moon, P 299 

Atom B, 166 

Attraction of Grayitation, 218— 
220 



Attraction of Cohesion, C and D 
167 

of a Sphere, T 218 

Capillary, foot-note. 



216 



Electrical, 1 of G 196 
Magnetic, 200 



Antolydins, 396 
Axis, C 8 

of the Earth, def. 9 

Axes, Major and Minor, of an 

Ellipse, S 23 
Azimnth, def. 45 ; also 413 (and 

note) 
Azimnth, or Vertical, Circles, 

note, def. 45 



B. 



Bacon, Lord, 214 

, Boger, 399 

Bailly, M., his backward eakn- 

lation of an ancient Eclipsey 

094 
Barometer, 5 of M 170, and note 
Base of a Triangle, W 12 
Battery, Voltaic or Galvanic, 199 
Bayer's method of marking the 

Stars, 25 
Bearing, 3 of B on p. 3 
— — , Apparent, 419 
Bears, 416 

Biela, M., Comet of, P 272 
Binary Systems, 278—282 
Blot, M., W 286, Ex. 5,^ dG9 
Bissextile, E 374 
Bode, M., «* law " of, 270 
Bootes, note, 408 
Bradley, Dr., C 265 
Brahe, Tycho, 400 
Brazen Meridian, def. 20 
» — =— , divisions of, 

def. 21 
Brewster, Sir David, his analyas 

of Dght, W 188 
Bulk, 1 of F 168 

of a Planet, 1 of 260 

of a CoQiet, R 273 
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C. 



Cssar, JulioB, Calendar of, £ 
374 

Calendar, Roman, C 373 

, Julian, E 374 

, Grefforian, F and G 

374 

Calippua, 396 

Caloric, F 167 

Calorific rays of the Spectrum, 
W 188 

Calorific Rays, transmission of, 
Z 189 

Cancer, fof, a double star, L 280 

Canicula, 369 

Canicular days, Ex. 3, p. 368 

Canis Major, 368, 369 

Minor, note, 409 

Canon, Trigonometrical, K 16 — 
17 

Capillary Attraction, foot note, 
216 

Caput Meduss (Medusa's Head), 
note, 408 

Cardinal Points, def. 35 

Cassiope or Cassiopea, 407 

Castor, a double star, L 279 

Cavendish, experiment of, foot- 
note, 221 

Celestial Globe, def. 11 

Latitude and Longitude, 

153 

Centre, imaginary, of the Uni- 
verse, 420 

Centre of Gravity, 221—223 

Centrifugal Force, 223—226 

Centripetal Force, B 221 

Cepheus, 407 

Cerberus, note, 409 

Ceres, 270 

Chaldaeans, Astronomy of the, 
V393 

Charles's Wain, 416 and note 

Chemical Rays of the Spectrum, 
188—190 

Chinese, Astronomy of the, W 
393 

Chord of an Arc, F 17 

Chronology, application of As- 
tronomical Observation to, 365 

2 



Chronology of Ancient Observa- 
tion, &c., 393 — 400 
Circle, F 1 
Circles, Comparison of, G 15 

, Great and Small, D 8 

-, Polar, def. 68 



~, Hour, def. 26 
-, Vertical, def. 42 



Circumference of a Circle, P 2 
CivU Day, def. 104 
Climate, B and C 113 
Climates, def. 80 
Clock, Sidereal, def. 53 
Clouds, 2 of D 177 j'also 178— 

181 
, Electrified, 1 and 2 of K 

197 
Cohesion, Attraction of, D, and 

note, 167 
Cold, remarkable provision 

against, 2, p. 173 
Columbus, note, 414 
Colours of the Spectrum, 1 of V 

187 
of the Fixed Stars, 4 of 

V187 
Colures, def. 67 
Comets, 271—274 
Comet of Halley, M and N 271 

—272 
Compass, def. 36 
, Mariner's, note, def. 

36 

, Variation of, def. 37 
Complement of an Angle, N 2 
Compound Motion, M 211 
Condensation, 178 — 181 
Conduction of Heat, T 173 
Cone of the Earth's Shadow, ex- 
tent of, X 327 
Conic Sections, R, S, T, and 

note, 23 
Conjunction, def. 89 
Constellations, def. 6, and note, 

416 

, List of, 54—58 

, Rhymes on the 

(Appendix), 407— 411 

Constellations, Southern, notes 

on 56, 57, 144, 145 
Convection of Heat, V 174 

02 
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Convezity of the Earth, L 21 

, as shewn by the mea- 
surement of the Meridian, V 
229 

Cooky C^tain, object of his 
first Toyage, D 267 

Copemicas, 214 

Cor Caroli, a doable star, L279 

Corona Borealis, if of, L 280 

Cosmical, 358 

Cosine, K 17 

Cosines of Latitude, 226 

Cross, the Southern, Captain 
HaU^s description of, 57 

Cube, Q 11 

Cubes of mean distances, N 236 

Culminating, 6 9 

Currents of Electricity, 199 and 
Y203 

Cycle, Metonic, F 336 

of the Moon's Nodes, foot- 
note, 307 

of the Sun, L 337 

Cygnus, note, 417 

Cynthia, a name of the Moon, 
299 

D. 

Day, Sidereal, def. 83 

, invariable, 141 

, Solar, def. 84 

, Lunar, def. 88 

, Astronomical reckoning of, 

def. 82 

, Civil, def. 104 

-, Artificial, def. 105 



Declination, def. 17 

Decomposition of Light, 186 — 
190 

Definitions and IllnstrationB, 
Class L, 1—24 

Definitions and Illustrations, 
Class II., 25—60 

Degree, minutes and seconds of, 
L2 

Degree of the Meridian, mea- 
surement of, V 228 

Deity, care of the, 421 

De la Rive's Battery, modifica- 
tion of, X 203 

Denderah, Zodiac of, 369 



Density, mean, of the Earth, foot 

note, 173 
Densities, mean, of the plandi, 

3, p. 260 
Depth, mean, of the ocean, foot 

note, 171 
Deserts, influence of, M 296 
Descension, oblique, def. 55 
Descensional difference, note, def. 

56 
Deviations, Remarkable Frori- 

dential ones, 177 — 178 
Dew, 3 of R, 173 
Dew-point, foot-note, ISO 
Dialling, 379—386 
Diameter, K 2 
Diameter of the Earth, a method 

of finding, Q 20—21 
Diameter of the Sun, Q 238 

r- of the Moon, P 299 

Diana, a name of the Moon, 299 

Dichotomize, 396 

Dies Caniculares, Ex. 3, p. 368 

Digit, def. 57 

Dip of the horizon, D 10, and 

L21 
Direct, def. 90 
Disc, def. 57 
Distance of the Fixed Stars, G 

4—5, and 151—152 
Distance of the Moon, P 19 
Distance of the Sun, P 238 
Distance, inveise square of, C 

13 
Distance, Zenith, def. 40 
— — -, Cube of mean, N 

236 
Disturbances of Jupiter's Satd- 

Utes, 251—255 
Disturbances, of the System ge- 
nerally, 256^259 
Diurnal Arc, def. 33, and 417 
Divisibility, see Atom, &c., B 

and notes, 166 
Divisions of the Brazen Meridian, 

def. 21 
Dog Star, see Sirius 
Dog Days, Ex. 3, p. 368 
DoUond, Mr., his improvements, 

C16j 
Dominical Letter, L 337 
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Dominical Letter, to find the, M 

338 
Double Stars, 276—281 
Druids, Astronomical notions of, 

396 



E. 

Earth, 263 

, form of, Q 227 

•, density of, foot-note, 173 

, as seen from the moon, V 

302, 303 
*, Equatorial plane of, (iUus- 



tration), 106 

— , Poles of, def. 10 

•, Rotation of, see Sidereal 



Day 



Orbitual Revolution of. 



234, 235 

— , Magnetism of, 205, 206 
■, Shadow of, 2 of D 192 



Earth-light, seen upon the Moon, 

B 15 
Eclipses, def. 58, also p. 195, 

and 324—329 
Eclipse of the Sun, def. 59 ; 

duration, &c. of an, Z, B, 

and C 328 
Eclipse of the Moon, def. 60 ; 

duration, &c. of an, X and Y 

327 
Eclipses of Jupiter^s Satellites, 

remark preceding Prob. XIX, 

167 
Ecliptic, illustrations, 104 — 108 
EcUptic limits, R 325 
Ecliptic, def. 61, also p. 419 

Obliquity of, def. 62 

Plane of, (illustration) 

106 

disturbance of, S and T 

257 ; also note, 397 
Egypt, 416 
Egjrptians, Idolatry of the, (note) 

418 

>, Astronomy of the, V 



393 



Elasticity, 3 of B 166 
Electrics, L 197 
Electricity, 196—199 

— , currents of, M 197, 

and P 198 

, Voltaic, 198 

, Thermo, M 197 



Year, B 373 

Sothiac period, B, 373 



Electro Magnetism, W, X, and 

Y 202—204 
Ellipse, R and S 22 

, Axes of, S 23 

ElUptical Motion, V 23, also 

232—234 
Ellipticity of the Earth's figure, 

Q,227 
Elongation, def. 101 
Emersion, note, def. 58 
Encke, Professor, Comet of, P 

272 ; 4 of S 273 
Epact, G 336 
Ephemeris, (pages of White's, 

with explanations,) 48 — 54 
Equation of Time, def. 87, also 

p. 141 
Equation of Time, table of, 381 
Equator, def. 13 
Equilibrium, C 221 
Equinoctial, def. 14 

and Ecliptic, (illus- 

trated), 104—108 

Equinoctial points, def. 63 
Equinoxes, lOB, 416 

, Precession of, 353— 
356 
Eratosthenes, 396 
'* Establishments,** Tidal, 348 
Ether, X 274 
EucHd, 396 
Eudoxus, 396 
Evaporation, 178—181 
Evening Star, def. 7 
Excentricity, S 23 

of Earth's Orbit di- 
minishing, D 308 

Excentricities of Orbits of the 
Planets, K 235 

Expansion, heat the cause of, 
B and its note 3, p. 166 

Extracts, Illustrative, from Cap- 
tain Basil Hall, 59—65 
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F. 



Falliiig BodiM, L 209—210 
FaUins of Mateon, 284—286 
Ytrgomm, 242 
Ferro, def. 40 
FeiaTda,F374 
FInnamenti, other, 420 
Fixed Stan, def. 4, also p. 152 
, methoda of raaridng, 

24 
Fluida, Law of Prearare with re- 

•pectto, L 169 
Foci of an EUipae, S 22 
Foga, SofHlBl 
Force, D 207 

, Centripetal, B 221 

, Centrifiigal, 223—226 

— , Coheahre or Molecular, D 

endnote, 167 

, Projectfle, 231 (bottom) 

Forcea, Compoaition of, 211 
Fonrrier, M., 369 
Frederick II., 399 
Frigid Zonea, def. 71, note 
, Phenomena of, 130 

—136 



6. 

Galaxy, def. 107 ; also F 277, 420 

Galileo, 214 

GalTanism, 198—199 

Gambart, M., Comet of, P 272, 
and4ofS273 

Gay Loasac, M., note to def. 27 

Gemini, a of, a Doable Star, L 
279 

Geocentric, def. 99 

Greorgiom Sidna. See Uranna 

Glass, Refracting power of, P 
185 

Globe or Sphere, B 8 

Globe, Terrestrial, def. 8 

, Celestial, def. 1 1 

Gnomon, of the Ancients, foot- 
note, 395 

Gnomon of a Son-dial, 2 p. 380 

Golden Number, 336—337 

Gorgon Head, note, 408 



Gravitation, 219—220; alaoK 

226 
Gravity, 216—218 
, Centre of, 221—223, ii 

a Sphere, T 218 
Great Circle, &c., D 8 
GredES, Astronomy of the, Y394 
Greek Alphabet, 24 
Golf Stream, 62 
, Effects of, 63 



H. 

HaDey, Dr., Comet of, M and N 
271 ^272 

Harding, M., 270 

Harvest Moon, 317 — 319, 415 

Heat, 172 

, Solar, bodies perfectly 

transparent unaffected by, Y 

175 
, Rays of, in the Spectrum, 

187—190 
, Radiation of, Q, R, S, and 

T 172—173 

, Conduction of, T 173 

, Convection of, V 174 

-, Latent, B, C, and D 175— 



177 

Hecate, a name of the Moon, 299 

Hercules, note, 409 

Height of Atmosphere, 2 of M 
170 

of Tides, F and G 346 

Heliacal, 357 

Heliocentric, def. 100 

Helix, (illustration,) X 203, 
note 

Hemisphere, def. 32 

Hercules, note, 409 

Herschel, Sir W., S 239, H and 
K 278—279 

Herschel, Sir J. F. W. (in nu- 
merous quotations) 

Herschel. Planet of. See Uranus. 

Hesiod, W 357, Ex. 1, 367 

Heteroscii, def. 74 

Hesperus, a name of the RaBec 
Venus, 266 

Hevelius, 409, note 
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Hioetas, 395 

Hipparchnsy 397 

Home, 421 

Hooke, Dr., 215 

Horizon, IHp of the, D 10 ; L 
21 

, Plane of the, C 10 

, Rational, B 10, and def. 28 

, Sensible, B 1 0, and def. 27 

• , Wooden, def. 29 

Horizontal Refiraction, note,413 ; 
alBO Ex. 6 and 7, p. 135 

Horizontal Parallax, N 18 (illas- 
tration) 

Horoscope, R 390, also quota- 
tion on p. 366 

Horary Circle, def. 25 

Hour-circles, def. 26 
Human Body, Atmospheric Pres- 
sure on, 1 and 2 of N 171 
Hurricanes, foot-note, 293 
Huygens V, 229 

, Theory of Light of, S 

186 ; also foot-note, 191 
Hypi^bola, R 22 



I. 



Icebergs, note to Ex. 2, p. 134 
Illustrations, Ecliptic, 104—108 
Immersion, note, def. 58 
Impetus. See Inertia, illustra- 
tions of. 
Imponderable Matter, 166 
Indians, Astronomy of the, X 

394 
Inequalities, Lunar, 303—308; 

also N 353 
Inertia, D 207 

• , Illustrations of, 212 

Influence of Varieties of the 

Earth's surfoce, 294—296 
Insignificant Quantities, F and 

6 4, H 5, B 10 
Instinct, B 190 
Inverse square of distance, C 13, 

and illustration, 14 
Invisible Rajs, 188—189 
Iron, its Magnetic properties. 

See Magnetism. 



Jews, Day, &c., of the, def. 105 
Jovial System, 249—255 
Judicial Astrology, 390—393 
Julian Calendar £, 374 
Juno, 270 
Jupiter, 249 

, Mass of, S 257 

, Oblateness of, F, 249 

, Belts of, G and H 250 

, SateUites of, 251—255 

, Shadow of a Satellite of, 

4ofD 192 

, Light to Inhabitants of, 

D16 

, CentrifugalforceatEqua- 

tor of, P 226 



K. 

Kepler, 214, 339 

** Kepler's Laws,»» 236—237 

L. 

Lagrange, note, 259 

La Place, note, 259, D 308 

Latent Heat, B, C, and D 175— 

177 
Latitude of a Place, def. 15 ; also 

p. 60 
— — , of a Heavenly body, 153, 

419 
— — , Square of the Cosine of, 

L, M, and N 226 
Lexel, M., Comet of, 2 of S 273 
libra. Equinoctial Point, 108 
libration of the Moon, W 303 
Light and Heat, annual distribu- 
tion of, 113—117 
Light, 181—195 
, Comparative, of the Full 

Moon, L 181 
, Solar, at the distance of 

Uranus, 1 of L 182 
— — , Reflection and absorption 

of, 182—184 
— ^, Refraction of, P, Q, and 

R 184—185 
, Decomposition of, T, V, 

and notes, 186—187 
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li^ DHaaomKj of Ydocttf of, 

^— >, Abemtum of, 265 

<« Limb '* of tbo Son or Moon, 

def.57 
line, itnight. C 1 
liquids,? 168 
Loogitiide of a place, def. 23, 

alfop. 69 

, of a heavenly body, 163 
, length of a Degree of, 

M226 
Lubbock, Mr., extract from his 

Tide Tables, 349 
Ladfer, a name of the planet 

Yenns, 266 
Luminary, Rays of a, B 13 
Lnnar Edipsesydnration, &c., of, 

X327 
Lunar Obsenrations, 64 — 65 
Lnnar Orbit, Ezoentrieity of, N 

299, B 306 
Lyra, a of , a Double Star, L 279 



M. 

Madagascar, Christians of, notes, 

418 
Magnet, Variation of, S 201 

, Dip of, T 201 

Magnetism, 200—206 

, Electro, 202—204 

, Thenno, Y 203, C 

206 



-, of the Earth, 205— 

206 
Magnitude of a Star, def. 5 
Mijor Axis of an Ellipse, S 23 
Mariner's Compass, note, def. 

36 ; also 414 note 

, Variation of, 414 

Mars, 268 
Mass, 1 of F 168 

of the Son, P 339 and note 

of the Moon, P 339 and 

note 
Masses of the Planets, 2 p. 260 
Matter, 165—169 
Mean Time, def. 86 
Distance, T 23 



Medusa's Head, note, 40B 

Mercury, 269 

Meridians, def. 22 ; ako note, 89 

Meridian, Plane of the, 6 sal 
its notes, 9 ; also 415 

, Measurement of a De- 
gree of, V 228 

, Pirst, def. 24 

Brazen, DivisioBsal, 



def. 21 
Meteorites, 2B7— 288 
Meteors, of Noyember, 284-^286 
Meton, 395 
Metonic Cyde, F 336 
Milky Way, def. 107, F 277 
Minor Axis of an EIliiMe, S 23 
Microscope, Achromatic, a scene 

through the, M 7 
Molecules, 1 of B 166 
Momentum, G 207 
Monsoons, 297—298 
Moon, 299—319 

, Use of to Mariners, 59 

, Phases of, 301—304 

, Horixontid, 3 of L 162 

, Mountains, &c., of, tiieir 

Shadows, 5 p. 193 

, Mountains, &c«y of, their 

dimensions, Q 300 
-, Mass of the, oompand vilh 



that of the Son, P 339 
— , GruTity at the ^ftfifirr of, 
Y23I 

— , Real Path of £he, 309 
— , Rotation of the, T 302 
— , Librationof tiie, W 303 
— , the Earth's 
from the, V 302— 303~ 
— , Crescent, eastern edge of 
the, F 10, and 2 and 5 on 301 
— , Nodes of the Or)»t of, 



304—306 

— , Eclipse of, def. 60 

-, Perturbations of, B, C, and 



D, 306—308 
Moon's '< Age," to find die, £ 

337 
Morning Star, def. 7 
Motion, 207—212 

, Elliptical, 232—234 

, Orbitoal, 280—235 
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Monntaixifl, Influence of, K 295 

, Lnnar, 6, p. 193 

Mnmmy Coffin, astronomical 
hieroglyphics on, 366 

N. 

Nadir, def. 39 

Nature, Course of, 165 

Nautical Almanac,. Q 254 

Neap Tides, W 342 

Nebula, def. 106 

Nebulae, B 276 

Nebulous Stars, Q283 

New Style, G 374 

Newton, Sir Isaac, 215 ; note, 231 

, Theory of 

Light of, S 186, and foot-note 

of C 191 
Night and Day, 46—47 
Nimrod, note, 410 
Nocturnal Arc, def. 34 
Nodes, def. 93 

of the Moon, 304—306 

of the Planets, 266 

Noon, apparent, def. 85 

, True or Mean, def. 86 

November Meteors, 284—286 
Nutation, explained, foot-note on 

362 



O. 

Oblate Spheroid, V 229 note 
Oblateness of the Earth, Q 227, 

and y 229 
Oblateness of Jupiter, F 249 
Oblique Ascension, def. 54 

— Descension, def. 66 

Sphere, def. 51 

Obliquity of the Ecliptic, def. 62 
, Variation of, S and T 

257 ; also 397 
Observations, Lunar, 64 — 65 
Obseryatories, Well-holes in, C 

15 
Occultation, def. 58 note 
Ocean, 170, P 171—172, W 229 
, Tides of the, Z 343 



Ocean, Mean depth of, foot-note; 

171 
, Stability or InstabiUty of 

an, 3 on 260 and its foot-note 
Olbers, M., 270 
Old Style, 6 374 
Olmsted, Professor, W 285 
Ophincufl, note, 411 
Opposition, note, def. 58 
Orbits, y 23, and Z» &c., 232 

—235 
Orbit of a Comet, M 271 

of a Double Star, N 281 

Orbitual Motion, 230—237 
, of the Planets, 

Ezcentricities of, K235 
Order and Places of the Symbols 

on the Ecliptic, 402 
Orion, note, 410, and note, 416 

, Girdle of, 416 

, Nebula in, note, 410 

Orreries, 401 

Oscillation of the Pendulum, 227 

of Orbitual Planes, 

X259 
Ovid, his Quotations from the 

Calendar, 370—371 



P. 



Pacific Ocean, foot-note, 293 

, the chief source 

of our Tides, Z 343 

PaUas, 270 

<« Panorama,*' Quotation from 
the, 392 

Parabola, R 22 

Parallax, K, M, N, P, and illus- 
trations, 17—19 

Parallax, horizontal, G 18 
of the Moon, P 19 



— of the Sun, H 19 



Parallel Lines and PlaneSi H, 

K, and L 9 
Pandlelograms, Mil 
Parallel Sphere, def. 50 
Parallels of Latitude, def. 16 

of Declination, def, 18 

Pairy, Sir Edward, his yoyages^ 

134—136 



4Si 



IirDBX, 



FMiclet,F167 

Pq;asiM,the*' Sqiiare*'of,not0,4O9 

Pendulum, 227 

Peownbrm, F 194 

Perigee, det 95 

Perihelioii, def. 96 

Perioeci, def. 77 ; also remazlcB, 

149—150 
Periodical Diatnrbancee, W 258 
Periodic Month, B 299 
Periadi, def. 75 
Peneoa, fi of, a Tariable star, M 

280 
Pertarbctioiia of Jupiter's Satel- 

Utes, 251—254 
PertnriMtions of the Moon, 306 

—308 
PeruTians, foot-note, 395 
Phases, def. 102 

of the Moon, 301—304 

FhHoUus, 395 

FhoB&omena of the Frigid Zones, 

130—132 
Phosphor, a name of the planet 

Venus, 266 
Physical Astronomy, Progress of, 

213—215 
Piasri,270 
Plane, D 1 

, Parallel, L 9 

of the Ecliptic, illustration, 

106 
— of the Equator, iUustration, 

106 
of the Meridian, G 9 and 

its notes ; def. 19 ; also p. 415 
Planetary Motion, 232—237 
Planets, 249—274, 419 
, Telescopic View of, 260 

—270 

-, as Tiewed from the Sun's 



Centre, 242—245 

-, Reasons for supposing 



them inhabited, 246—248 

, Primary, def. 1 

, Minor Primary, def. 2 

-, Secondary, def. 3 



Planetarium, 401, also H 5 
Plato, 395 

Pliny, conjectured the true cause 
of the Tides, 339 



Poetical Bisings and Settings of 

the Stars, 357—358 
Point, B 1 

Points, Cardinal, def. 35 
Pointers, of Ursa Major, 416 
Polar Cirdes, def. 68 

Distance, def. 41 

— Regions, Whiteness of the, 
3of Z 190 

Pole of a Circle of the Sphere, 

F8 
Poles of the Earth, def. 10 
of the Celestial Sphere, 

def. 12 ; also p. 151—153 

of the EcUptic, 152—153 

-, Magnetic, Y 204, and 6 



and its note, 205 
Pole-star, Finding Latitude hj, 

61 
, 151—153; also 416 

(and note) 

-, Change of , V 356 



Positions of the Sphere, def. 49, 

50,51 
Praesepe, note, def. 106 
Precession of the ESquinozes, 

353—356 
Pressure of the Atmosphere, V 

and its notes, 171 
Prime Vertical, def. 43 
Prismatic Colours, V and its 

notes, 187 
Problems, Sect. I., 66 

, Sect. II., 109 

, Sect. III., 289 

Procyon, note, 409 

Progress of Physical Ajstronomr, 

213—215 
Projectile Force, 231 (bottom) 
Proportion, R 12 
Proyidence, 420—421 
Ptolemy, 398 
Pythagoras, 395 



Q. 

Quadrant of a Circle, M 2 
Quadrants of the Braoen Men* 

dian, def. 21 
Quadrant of Altitade, def. 48 



INDEX. 



433 



Quadrant, Hadley's, foot-note, 60 
Quadrature of the Moon, note, 

def. 89 
Quartz, its permeability to Heat, 

1 ofZ 189 
Quicksilver of the Barometer, 5 

of M 170 



R. 

Radiation of Heat, T 173 

Radius, K 1 

Radius Vector, M 236 

Rain, 178—181 

Rainbow, 3 of VI 87 

Ratio, R 11 

Rational Horizon, B 10 

Rays of Solar light, X, Y, and 

notes on p. 189 
of Solar Heat, W and its 

note 4, p. 187 
, Chemical, W and its notes, 

1,2, 3, p. 187 
Rectangle, Content of a, &c., N, 

and P and note, 1 1 
Reflection of Light, M 182—183 
Refraction of Light, F 184—185 
- ■ by the Atmo- 

8phere» R 1 85, and note on 4 13 

Lunar 



m 



EcUpses, Y 327 
Repulsion, F 167 
Retrograde, def. 91 
Revolution, Orbitual, 230—237 
, Synodic, of the Moon, 

B299 
Rhombus and Rhomboid, M 12 
Rhumbs, 85 

Richter, M., foot-note, 227 
Right Angle, M 2 
Right Ascension, def. 52 
Right Sphere, def. 49 
Rings, of Saturn, 261 
Rivers, Tides in, C 345 
Roman Calendar, C 373 
Ross, Captain, North Magnetic 

Pole of, Y 204 
Rototion of the Sun, 239—241 
of the Planets, 4 on p. 

246 



Rotation, invariability of the 
Earth's, 141 

of Saturn's Rings, 261 

of the Moon, T, &c., 302— 

303 
Royal Society, 215 
Russia, ' Style ' of, H 375 



S. 



Satellites, 7 of p. 247 

of Jupiter, their Per- 

turbations, 251—255 

• their Shadows, 4 of D 



192 



of Saturn, 262 
of Uranus, 263 



Saturn, 261 

, Rings of, th^ Shadow, 

3, p. 192 
, their Rotation,261 

Savary, M., N 281 

Schroeter, M., his observations 

on the Planet Venus, 266 
Scoresby, Captain, Ex. 1 on p. 133 
Scorpio, note, 411 
Seasons, Illustration of, 113 — 

117 
Secular Disturbances, W and X 

258—259 
Sensible Horizon, B 10 
Semi*diameter, K 2 
Serpentarius or Ophiucus, note, 

411 
Sextant, note, 60 
Shadows, 192—195; also X 13 
Shadow of a Satellite of Jupiter, 

4ofD 192 

of Saturn's Ring, 3ofD 



192 



of the Earth, 2 of D 



192 ; also X 327 

ofthe Moon, B 328 



« Shootmg Stars,' Y 287 
Sidereal Day, def. 83 

Clock, def. 53 

Year, Q 355 

Signs of the Zodiac, def. 70 
— ; , Days on which 

the Sun enters them, 404 



P 2 
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Sine of an Arc, K and F 17 

Siriw. 369, 418 

Small Cirdes, D 8 

Snow, Penetnal, on mountains, 

note «, 177 
Solar Day, def. 84 

Syitem, 256—274 

Speetrom, 187—188 

Heat, Z 189 

SpoU, 239—241 

Year, Q on 355 ; also 873 

Solidity, K 168 

Solstices, def. 64; also pp. 114— 

116 
Solstitial Points, def. 64 
Somerrille, Mrs. (in nomerons 

quotations) 
Sothiac Period of the Ecrptians, 

fi37d 
Space, G on 4 and 5 
Spectrum, Rays of the, 187—190 
Sphere, fi 8 

, Positions of the, def. 49, 

50,51 

, Surface of a, D 14 

-,SoUdityofa, F14 



Spheroid, Oblate, our Earth one, 

V 228—229 
Square, P II 

Squares of Distance, C 13 
of Moon's distance, Y 

231 
of Times of Revolution, 

N236 
Stability of the System, foot-note, 

259 
Stars, Fixed, def. 4, 275—283 
, Distance of , 6 5 ; 

also 151—152 

, Nebulous, Q 283 

-, Binary Systems of. 



278—282 

, Variable, M 280 

, Colours of, 4 on 187 

— , Clusters of, Z 275 

-, Poetical Risings and 



Settings of, 258 
Stationary, def. 92 
Steam, F 178 
Style, New and Old, G and H 

374—375 



Sun, 238—241 

— , Apparent Diameter of, Tans- 
ble, note, 412 

— , Apparent Path of the, F 105 
— , Parallax and Distance of 
the, H 19—20 ; also P 238 
— , Magnitude of the, Q 238 

— Mass of the, compared with 
that of the Moon, P 339 

— , Eclipses of the, def. 59 
— , Rotation of the, T 240 
— , Spots on the, 239—241 
— , Centre of. System as Yiewed 

from, 242—245 
— , Cydeofthe, L 337 
Sun's place on the first day of 

each month, 405 — 406 
Sunrise, a western, F 10 
Surfaces of Spheres, D 14 
Synodic Revolution of the Moon, 

B299 
System, Solar, 256—274 

, as seen from the 

centre of the Sun, 242—245 

StabUity of, foot- 



note, 259 

, Jovial, 249—254 

-. Binary,of StarB,278— 282 



Syzygies, note, def. 89 



T. 



Tangent of an Arc, 17 ; G 224 
Telescope, HerschePs, Z 276 
Telescopes, comparison of, H 15 
Telescopic View of the Planets, 

260—270 
Temperate Zones, note, def. 71 
Temperature, Influence of Varie- 
ties of Surface on, 294—296 
Terminator, def. 30 

, Markings of, def. 3 1 

Terrestrial Globe, def. 8 

Latitude, def. 15 

Longitude, def. 23 

Refraction, R, 185 

Magnetism, Z, &c., 

204—206 
Thales, Ex. 2, 368 ; also 394 
Thebit, Jewish Astronomer, 39B 
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Theories, Corpiuciilar and Un- 

dulatory, L91 
Theory of the Tides, 339—^43 

— of Electrid^, G 196 

Thermo Electricity, M 197 
Thucydides, Ex. 9, p. 372 
Tides, 339—349 

, Neap and Spring, 84 1—343 

, Height of, F and G 346 

, Propagation of Wave of 

the, 343—344 
in Rivers, C 345 



Time, Solar, def. 85 

, Mean, def. 86 

, Equation of, def. 87 

, Table of Equation of, 381 

, Square of, N 236 

Times, Periodic, of the Planets, 

B244 
Torrid Zone, note, def. 71 
Trade Winds, 289—296 
Transit, note, def. 58 

of Venus, D 267 

Instrument, note, def. 83 

Transmission of Light, Z 189, 

and notes 1, 2, 3, on p. 191 
Transmission of Heat, Z and 

notes, 189—190 
Trapezium, Mil 
Triangle, orTrigon, S 12 

, Amount of the Angles 

of a, T 12 

-, Base of a, y 12 



Trigonometry, K and F 17 

Tropics, def. 65 

Tropical Year, 373 

True or Mean Noon, def. 86 

Twilight, Illustration of, 120; 413 

Tycho Brahe, 400 

U. 

Ulugh Beigh, 399 
Undulator^>rheory of Light, 191 
Universe, 4 — 8 

Unknown Celestial Bodies, 282 
Urania, a name of the Moon, 

299 
Uranus, 263 

, SateUites of, 263 

Ursa Miyor, note, 416 



Ursa Major, f of, a double star, 

L280 
Ursa Minor, 407 

V. 

Vapour, G, 179 ; D and note 2, 

176 ; and note 6 of B 176 
Variable Stars, M 280 
Variation of the Magnet, S 201 ; 

C 206 ; also 414 and note 
Varieties of Surface, Influence of, 

294—296 
Vega, a Double Star, L 279 
Vegetation of different Latitudes; 

notes to questions of Problems, 

on 70—73 
Vegetation, Influence of, on Cli- 
mate, L 295 
.Velocity, F 207 
, Uniform, Accelerated, 

and Retarded, K 208 
Velocity of Light, Discovery of, 

R254 
Venus, 266 

, Transit of, D 267 

, a name also of the Moon, 

299 
Vertical Circles, def. 42 
Vesta, 270 

Via Lactea, F 276—277 ; L 6 
Virgo, 7 of, a double star, note, 279 
Voltaism, 198—199 
Volume. See Bulk. 
Vorticella Rotatoria> Machinery 

in the Head of, M 7 

W. 

" Wain, Charles's," note, 416 
Water existing on our Globe, 

lofP172 
, Water, Providential deviations 

with respect to, 178 
Weight on any Planet, 4 and 5, 

p. 260 
of the Atmosphere, 5 of 

M 170 

, Difference of, in different 



Latitudes, R, S, andT, 227—228 
Werner, John, 399 



436 



INDBX. 



Whewell, Profesflor, (in Twioiu 

qnotatioiis) 
WhiriiDg Table, 224 
Whitenen of the Pokr Regions, 

3ofZ 190 
WimU, 289—290 

., Trade, C, Bee, 289—290 



-, Moniooii, 297 



Y. 

Year, Sidereal, Q 356 

, Solar or Tropical, Q 355 



Year, Julian, £ 374 

-— , CivU, H 375 

" of Confiwion," E 374 



Z. 

Zenith, def. 38 

Zenith Distance, def. 40 

Zodiac def. 69 

, Signs of the, def. 70 

'* Zodiac " of Denderah, 369 
Zodiacal Light, Q 283 
Zones, def. 71 
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